A case study in using electronic presentation media to teach mathematics by Watson, Brian
1 
90 0729111 2 
mill 
i l ^ ^ W I 
777/s copy of the thesis has been supplied on condition that anyone who 
consults it is understood to recognise that its copyright rests with its author 
and that no quotation from the thesis and no information derived from it may 
be published without the author's prior consent. 
A case study in using electronic presentation 
media to teach mathematics 
by 
Brian Watson 
A thesis submitted to the University of Plymouth 
in partial fulfilment for the degree of 
Master of Philosophy 
Centre for Teaching Mathematics 
Department of Mathematics and Statistics 
Faculty of Technology 
September 2006 
•university ot Plyitiouth 
Library 
Brian Watson 
A case study in using electronic presentation media to teach 
mathematics 
Abstract 
Over the past decade the United Kingdom (UK) Government has invested 
substantially in Information and Communications Technology (ICT) in all 
sectors of education. Investment has been in infrastructure, staff development 
and educational software. 
At the same time there has been concern about the achievements in 
mathematics of school leavers and about the decline in numbers of students 
choosing to study mathematics in Higher Education. Through its Widening 
Participation initiative, the UK Government intends to increase the number of 
students entering Higher Education. 
An account is given of a project to make appropriate use of computer-based 
projection materials in the delivery of a two-week mathematics summer school 
for students about to enter a foundation year which would prepare them for 
entry to degree courses in mathematics and technology. 
Biggs (2003) uses the term constructive alignment to mean " a design for 
teaching calculated to encourage deep engagement" (Biggs 2003, p32). 
This study asserts that computer-based presentation material can be used to 
implement differentiated pedagogy, which can assist in making mathematics 
accessible to a group of adults with a wide range of prior attainment in 
mathematics, thereby assisting in the achievement of constructive alignment. 
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Chapter 1 Introduction 
1.1 Apparent problems with mathematics 
For about four years I provided 'drop-in ' support in mathematics for Further 
Education students. I was available to any student on any course, who wanted 
assistance with mathematics. Support was provided on a one-to-one basis, or 
with small groups. I found that some students had difficulty because they had 
not consolidated the rudiments of number. For example one student had 
problems ostensibly with speed, t ime and distance calculations. I t transpired 
that he did not understand decimals. He could follow the logic of speed being 
distance per unit t ime, but would convert 3.25 hours as 3 hours and 25 
minutes and, after some discussion, confided that he did not understand 
decimals. 
Similarly, engineering students seeking help with calculus have been able to 
perform the process of integration with confidence but have been unable to 
perform the final calculation because it involved division by a fraction, (e.g. 
). There are two causes of concern in this example, firstly the problem 
was an inability to divide by a fraction, and secondly that in the students' 
minds this problem was related specifically to calculus. 
The National Curriculum Key stage 3 specifies that students should be able to 
recall all positive integer complements to 100 [for 
example, 37 + 63 = 100]; 
and 
develop a range of strategies for mental calculation. 
(DfEE 1999) 
During my time as a lecturer in Further Education I conducted informal oral 
tests with three different groups of students studying Application of Number 
on Intermediate General National Vocational (GNVQ) courses, and found that 
they struggled to perform mental arithmetic such as 3 + 8. Many counted on 
their fingers. 
Another cause for concern was that some students seeking support appeared 
not to expect to understand. Students on vocational courses, for example 
engineering or business studies, often see the related mathematics as 
arbitrary processes. For example, to increase a value by 5 percent, one can 
either calculate 5% and add it to the original value, or multiply the original 
value by 1.05. The correspondence between the two methods is obvious to 
some and obscure to others. Even business studies students who make use of 
the formulae for compound interest could be unaware of the equivalence of 
these two methods. For some, application of the formula for compound 
interest was, and possibly always will be, an arbitrary process. For others, 
recognition of this correspondence will make it easier to remember or to 
deduce the formulae. 
In transposition of formulae, application of the dubious rule "change the side, 
change the sign," was responsible for errors and confusion. The rule can be 
applied successfully to simple equations of the type, a = b + c — d . Anything 
more complex is liable to reveal the limitations of the rule. On numerous 
occasions I have had to correct students who have misapplied the Yule' to 
b + c b 
equations such as, a = and from this have deduced that, a - c = —, or 
d d 
that, — - = b + c. 
— a 
Transposition requires a sound understanding of the rules of order of 
precedence of operations. Alas, many students do not have this understanding 
although they might recall mnemonics such as BODMAS and BIDMAS, which 
are included in some mathematics text books (Evans, Gordon, Senior and 
Speed 2003, p l 4 3 ; Berry, Bryden, Cowey and Faulkner 2004, p l 8 ) . One or 
other of these mnemonics appears to be remembered easily enough, but what 
it represents and how to apply it remain mysteries to many. Brackets, 
Division, Multiplication, Addition and Subtraction usually can be dredged from 
memory, but does the 'O' stand for ' o f or 'Order'? The ' I ' in BIDMAS stands 
for Indices. Does it really matter what the letters stand for if the principle 
cannot then be applied? Even when its meaning is remembered, its application 
can fail. One student demonstrated to me that if the mnemonic is applied 
strictly, then addition should be performed before subtraction. Therefore, to 
evaluate the expression, 1 0 - 2 + 1 , firstly the 2 and the 1 should be added 
and the result then subtracted from 10, giving an answer of 7. The left to right 
relationship between operation and operand is fundamental, but is it 
specifically taught or is it implied and assumed? 
From my experience of supporting students in tert iary education, it appeared 
that many students were challenged and daunted by mathematics because 
they lacked consolidation, understanding and/or confidence in applying basic 
mathematical and numeracy skills. This raised questions of why this should be 
so, and how could it be addressed. 
1.2 Developments wi th technology 
Initially I would use pencil and paper to give tui t ion, illustration and examples 
to students. Having a background in technology, I found it natural to make 
increasing use of a computer to create, develop and store demonstration 
materials. Its main benefits were the quality and consistency of the material 
and the facility of presentation. With the material already prepared, as a tutor 
I could focus my attention, and t ime, on the student's responses. I did not 
have to spend t ime drawing or redrawing diagrams and so there was less 
opportunity for distraction, which seemed to make it easier for the student to 
maintain focus on the subject and make efficient use of the student's attention 
span. 
Some of the developments are now described. 
1.2.1 Multiplication tables 
By using a computer slide show I could enable a student to learn a 
multiplication table in approximately five minutes. Using the seven times table 
as an example, the method I used was this. I would start by showing a slide 
(Figure 1.1 a) and asking, what is seven times 2? When the student gave an 
answer, I would then show the next slide (Figure 1.1 b), which gave the 
correct answer. I f necessary, this sequence was repeated until the student 
could give the correct answer. 
The next part of the process repeats the previous part and adds the question, 
7 x 3 = ? The sequence of slides is shown in Figures 1.1 (a) to (d). I f necessary 
this stage is repeated until both answers are correct. 
The next part of the process repeats the previous part and adds the question, 
7 X 4 =? If necessary this stage is repeated until all answers are correct. The 
process continues in this manner. 
7x2=? 
7x2=? 7x3=? 
7x2=? 7x3=? 7x4=? 
7x2=? 7x3=? 7x4=? 7x5=? 
7x2 = ? 7x3 = ? 7x4=? 7x5 = ? 7x6=? 
7x2=? 7x3=? 7x4=? 7x5=? 7x6=? 7x7=? 
7x2=? 7x3=? 7x4=? 7x5=? 7x6=? 7x7=? 7x8=? 
7x2=? 7x3=? 7x4=? 7x5=? 7x6=? 7x7=? 7x8=? 7x9 = ? 
7x2=? 7x3=? 7x4=? 7x5=? 7x6=? 7x7=? 7x8=? 7x9=? 7x10=? 
The first four and the final two slides used in the process are shown in 
F igu re l . l . 
7 x 2 = ? 
t ' 
(a) 
(c) 
Wkmta. 
7 x 2 = 14 
:.: • ! k i .1 
Cb) 
Wkalis 
7 x 3 = ? 
- ! . | . i l 
7 x 3 - 2 1 
• i j > j» i> i 
(d) 
7 x 9 = ? 
I • ! -a: • > 
7 x 9 = 63 
Ce) (f) 
Figure 1.1: Seven times tabJe^ gequential 
Once the student could recall the table sequentially, I would then use a similar 
slide show which presented the questions non-sequentially. Some of the non-
sequential slides are shown in Figure 1.2. The method seemed to be effective 
in enabling a person to commit a multiplication table to memory within a few 
minutes. However, unless the student made use of the table they might not 
have been able to recall it a week later. 
Whmla. 
7 x 7 = ? 
o * 
(a) 
• ' . 1 > I t I 
fHwiB 
7 x 2 = ? 
., -. ,\n 
(b) 
WhMis. 
7 x 5 = ? 
(c) 
, i <i>-i»i 
f»%«r» 
• * • • 
• • • • 
• • • • 
4 9 • • 
7 x 9 = ? 
Cd) 
(Kkrtu 
7 x 6 = ? 
7 x 3 = ? 
* • • 
• * • 
« • • 
V « • 
* a * •• I I " I > L I 
(e) (f) 
Figure 1.2: Seven times table, non-sequential 
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1.2.2 Solving equations 
When students came to me for assistance with solving equations, I usually 
started by asking them to solve an equation similar to, x+2 ^ 7. The equation 
was displayed on a computer screen as shown in Figure 1.3 (a). Students 
usually gave the correct answer, but when asked what they did, they would 
say that the answer was obvious, or that the answer could not be other than 
f ive, in which case, I then asked them to solve the equation, 2x + 3 = 1 1 . I f 
they answered this correctly but were still unable to explain how they did it, I 
would ask them to solve increasingly more complex equations. Unless 
students were consciously aware of their method, then usually they were 
unable to solve the second or third equation. My purpose in asking a student 
to solve a simple equation, before giving instructions on how to do so, was 
twofold, I t demonstrated to them that they did have ability. For people who 
had completed secondary education with modest mathematical attainment, it 
seemed important to foster their self-confidence. I t also encouraged them to 
analyse their own thought processes. I then used the computer to progress 
through the pictures shown in Figure 1.3. 
f—»fc 
x + 2 = 7 
• i 
x + E = 7 
i 
IIS] [E] [El 
(b) 
I 
n^jp^rgira 
(a) 
x + 2 - 2 = 7 - 2 
I 
Cc) 
^•••Ikl 
X 
J. 
• 
• 
= 5 
_ L^ 
*-* 
«££•• 
- - • = • -
X 
Ji 
: 
• 
= 5 
A : 
(d) (e) 
Figure 1.3: Sequence from computer slide show for solving an equation 
Before each new slide was shown the student was asked to anticipate what it 
would show. The solutions of two more equations, 2x + 3 = 11 and x - 2 = 6, 
10 
were solved in the same way. By the completion of the third equation the 
student would usually recognise a method for solving equations. The method 
was consolidated by demonstrating the solution of other equations in a similar 
manner but without the scales. Again, it was important to ask the student to 
anticipate each step of the solution before it was revealed. Further 
consolidation was done using paper-based material relating to the student's 
vocational area. 
1.2.3 Trigonometry 
Using a calculator to find inverse trigonometric functions with solutions not in 
the first quadrant was a problem for some students. A visual aid that seemed 
to help in this respect is shown in figure 1.4. 
The student would be asked to use a calculator to find the sine of an angle in 
the second quadrant, e.g. sin(150) . They would then be asked to use the 
calculator to find the inverse sine of the answer. The computer screen shown 
in figure 1.4 would then be used to resolve the apparent anomaly that 
sm(l 50) = 0.5 while s in" ' (0 .5) = 30 . On the computer screen sin(.T) can be 
varied continuously between -1 and 1 to demonstrate that there are two 
possible values for s in" ' (.v) and that they sum to 180°. Some students liked 
to think of two values, A and B, such that A+B = 180. Others preferred to 
think of two values, A and (180 - A). 
11 
y = sinsx] 
Arc of sin(it) dnd ca«{x) 
asin( + 0 .5 = 3D Of 180 - 30 
r --
(a) 
y = 5in(x) 
1110 
Arc ol sin(xj and cas|K| 
3sin( * 0 771 = 
[Z)| 
ml 
50 or IBO - 50 
(b) 
Figure 1.4: Inverse sine 
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1.3 Summary 
From my experience in providing support in mathematics it seemed that many 
students in tertiary education lacked basic mathematical skills. There were 
gaps in their knowledge, for example the order of precedence of operations, 
and their grasp of concepts, for example fractions, was weak. 
My experience seemed to indicate that there was potential in using technology 
to teach mathematics. However, what was successful with some students was 
not necessarily successful with others. What was also interesting were the 
preferred nuances of perception between different students, for example in the 
way the inverse sine function could be considered to yield two values, A and B 
that sum to 180, or two values, A and 180 - A. 
From these considerations two general questions emerged; 
• What is the problem with mathematics that seems to make even 
the basics inaccessible to many people? 
• How can technology be used to address the problem? 
13 
Chapter 2: A review of relevant literature 
2.1 Introduction 
The purpose of this research is to assess the effectiveness of a particular use 
of technology to teach mathematics in the classroom. This purpose arises from 
the concluding questions raised in section 1.3, the Summary to Chapter 1. 
In this chapter, concerns over the teaching of mathematics are identified from 
a number of sources. Consideration of the purpose of mathematics education 
leads to a consideration of the purpose of education in general. An 
examination is made of widening participation in higher education. 
The latter sections of the chapter examine the use of computer-based 
technology in teaching and learning. Studies of the use of technology in the 
teaching of mathematics are discussed and consideration is given to the use of 
technology in relation to pedagogy. 
2.2 Documented problems wi th mathematics education 
2 .2 .1 National symptoms 
Official concern over the state of mathematics education in England was 
expressed in 1982. I t was reported that many pupils were being offered 
mathematics courses unsuitable to their needs and that many teachers of 
mathematics lacked suitable qualifications (Cockcroft 1982, p243). In 1977 
approximately 30% of schools had only 5 0 % or less of the mathematics 
curriculum 'suitably' staffed; approximately half (47.5%) of schools had only 
6 0 % of the mathematics curriculum 'suitably' staffed; only 5% of schools had 
the whole mathematics curriculum 'suitably' staffed and only 10% of schools 
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had more than 80% of the mathematics curriculum 'suitably' staffed 
(Cockcroft 1982, p258). Twenty-three years later the Smith Inquiry (2004) 
was unable to report a more optimistic situation. 
The Inquiry notes with concern the Chief Inspector's 
view in 2001/02 that shortages of specialist 
teachers in mathematics are having an adverse 
effect on pupils' performance (Smith 2004, p21) 
Respondents to the Inquiry corroborated this view (Smith 2004, p21). 
We should not be surprised, therefore, by comments about decline in the 
standard of mathematics ability of entrants to higher education. (Savage, 
Kitchen, Sutherland and Porkess 2000; Egerton 2001 ; Pyle 2001). Smith 
(2004, p29, 152) makes recommendations to address the shortage of 
mathematics teachers in schools. Recommendation 2.2 (Smith 2004, p l52 ) 
being to establish a strategy for the collection of data relating to mathematics 
teacher and teacher trainer numbers and qualifications. Clearly, it will be some 
t ime before benefits accrue from the implementation of these 
recommendations. 
According to a report by the Engineering Council (Savage et al. 2000), 
mathematics teachers in Higher Education face serious problems because 
students do not have basic mathematical skills. In the Preface the Council 
states. 
Evidence is presented of a serious decline in 
students [sic] mastery of basic mathematical skills 
and level of preparation for mathematics-based 
degree courses. This decline is well established and 
affects students at all levels. As a result, acute 
problems now confront those teaching mathematics 
and mathematics-based modules across the full 
range of universities (Savage et al. 2000, pii) . 
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The problem is not confined to the field of engineering. In the field of 
bioscience Tariq (2005, p4) refers to students' plight of being unprepared for 
the challenges and demands of higher education curricula. Reporting on an 
event attended by fourteen staff from ten higher education institutions she 
records a consensus opinion that students lacked confidence; were often 
fearful of anything mathematical; and lacked the ability to apply their skills 
and knowledge in specific biological contexts. 
The Engineering Council (Savage et al. 2000, p2) report points to changes in 
the school curriculum in the 1970s which have caused a divergence between 
Secondary Education and the requirements of Higher Education. Significantly, 
however, changes in the knowledge content of the curriculum are not seen as 
an insuperable problem. 
For the following decade, science and engineering 
departments learned to cope with students having 
varied backgrounds in Applied Mathematics. Indeed 
they were able to do so because Pure Mathematics 
at A level remained solid and students continued to 
be generally well prepared with regard to study 
skills, problem solving skills and basic mathematical 
capabilities (Savage et al. 2000, p2). 
Further changes in the secondary school curriculum in the 1980's and 1990's 
produced problems that were more difficult to solve and led to high failure 
rates. 
The GCE examination was replaced by GCSE which, 
for Mathematics, brought a decline in students [sic] 
concept of proof and in their technical fluency and 
understanding of algebra. At a stroke A level 
Mathematics was undermined in a key area from 
which it has not yet recovered! (Savage et al. 2000, 
p2). 
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The Engineering Council (Savage et al. 2000, p3) clearly identifies changes in 
the school mathematics curriculum which have produced students who are 
"unprepared (by earlier standards) for mathematics-based degree 
programmes." The words in parenthesis, "by earlier standards", are significant 
because they constitute an acknowledgement that standards have changed. If 
the entry standards have changed while the substance and aims of degree 
programmes have not changed, then anomalies can be anticipated. In its 
findings, the Engineering Council identifies possible reasons for the lack of 
preparedness in mathematics of new undergraduates. 
Possible reasons for this include: 
• changes in GCSE and A Level syllabuses and 
structures; 
• greatly reduced numbers taking A level 
Mathematics and Further Mathematics 
• changes in the teaching force and in society 
• lack of practice and poor study skills 
(Savage et al. 2000, p ill). 
As the Engineering Council was looking at the problems facing students 
entering Higher Education it is perhaps natural that it should find reasons for 
these problems outside of Higher Education. Higher Education establishments, 
however, have responded positively to the problem. 
We are at the stage where a number of individuals 
in various institutions are currently exploring a wide 
range of follow-up strategies. These include 
supplementary lectures, additional modules, 
computer assisted learning. Mathematics Support 
Centres, additional diagnostic tests and streaming 
(Savage et al. 2000, p 14). 
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Teacher training for university teachers is not included in these strategies. 
Lauriliard (1997, p i ) recognises pressures for change on universities and 
places a high priority on teacher training for university teachers. 
Academics are going on courses on management 
training and marketing methods. Reform of an 
education system might be better served if they 
went on courses on how to teach better (Laurillard 
1997 p i ) . 
In support of this statement she recalls her first lecture as a university 
student, and her first lecture as a university teacher. 
My first lecture as a student was a wretched 
experience. With 199 other students I counted 
myself lucky that I was in the main lecture theatre 
and not in the overspill room receiving closed circuit 
television. The lecturer was talking formulae as he 
came in, and for fifty minutes he scribbled them on 
the board as he talked and we all scribbled more in 
a desperate attempt to keep up with his 
dictation.(Laurillard 1997, p i ) 
My first lecture as a teacher was no better...one 
brave student asked a question of such breathtaking 
'stupidity' that it was clear he could not have 
understood anything beyond my first sentence. Did 
anyone else have the same problem? Yes, they all 
had that problem (Laurillard 1997 p i ) . 
In 2000 the Learning and Teaching Support Network (LTSN) for Mathematics, 
Statistics and Operational Research (MSOR) was established. I ts mission 
statement is 
" to promote high standards in the learning and 
teaching of Maths, Stats and OR by encouraging 
staff development, knowledge exchange, innovation 
and enterprise, leading to an enhancement of the 
learning experience for students, from school 
through university to the workplace" (MSOR 2005). 
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For its own staff and staff at partner colleges, the University of Plymouth 
offers a modular programme leading to the award of Postgraduate Certificate 
in Learning and Teaching in Higher Education (University of Plymouth 2006). 
The Engineering Council report identifies one of the reasons for the problem as 
"changes in the teaching force and in society;" (Savage et al. 2000, p iii) but 
specifically finds no fault with teachers in schools. The changes in society are 
not quantified but significant changes in schools are acknowledged. 
Compared to their predecessors, they have to 
deliver a different curriculum, under very different 
and difficult circumstances, to quite different cohorts 
of students (Savage et al. 2000, p iii). 
Similar problems are identified in America by Picker (Picker 2000), who 
suggests a possible effect on teachers' behaviour as a result of such changes. 
The demands on teachers to cover expanded 
curriculum content, may also cause them to do 
students' thinking for them (Picker 2000, p 48) . 
My own observations in Chapter 1 that some students appeared not to expect 
to understand could be a consequence of such behaviour by teachers. 
As a part of society, universities can expect to experience effects from 
changes in society. Response to any change depends on whether the change is 
seen as desirable or undesirable. The recommendations of the Engineering 
Council (Savage et al. 2000, piv) are in line with its findings and, by excluding 
specific proposals for change in the delivery and aims of Higher Education, 
suggest that the Council is not in agreement with these undefined changes in 
society. 
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Graham (2002) identifies a number of issues relating to the implementation of 
AS Mathematics. The first reformulated AS level examinations took place in 
2001. Under the new system it was intended that year 12 students would 
study 5 subjects to AS Level. In year 13 they would continue with 3 of these 
subjects to A level. The purpose of the new system was to encourage breadth 
of study without sacrificing depth. While acknowledging a potential benefit of 
the new structure that may encourage more students to study mathematics he 
expresses "alarm" that , by choosing particular options, substantial numbers of 
students do not cover content prescribed by the QCA subject criteria for 
mathematics. Consequently, their level of achievement will not meet the 
requirements of universities or employers. 
There is a suggestion from Kent (2002) that the mathematics taught on civil 
engineering degree courses is no longer relevant and in need of review. 
Egerton (2001) acknowledges the mathematics problem cited by the 
Engineering Council (Savage et al. 2000). She also acknowledges inadequacy 
in the guidance and support (in mathematics) provided to first year students 
in higher education. White (2002) of Bath University describes a local initiative 
which aims to ease the transition from secondary/tertiary to higher education 
for students of mathematical sciences. She reports "genuine collaboration" 
between the different education sectors. 
2.2.2 Summary 
Some school leavers are daunted by mathematics and lack confidence in 
applying basic mathematical skills (Savage et al. 2000, p2). 
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I t would seem that in the past, well-prepared students have been able to 
succeed in Higher Education even if there have been deficiencies in the 
teaching. Intentional changes in the Secondary Education curriculum have 
necessitated changes in the interface between the Secondary Education sector 
and the Higher Education sector. I t appears that the role of Secondary 
Education has changed but the role of Higher Education has not, in which case 
it should not be surprising if incompatibilities arise at the interface between 
the two sectors. This raises the question of whether changes to the interface 
are sufficient, or whether adjustments are necessary and/or desirable in the 
aims of Higher Education. 
These issues might be addressed by the fourth recommendation of the 
Engineering Council. 
In order to develop and monitor a mathematical 
education that is (i) appropriate to the needs of the 
21st century and (ii) fully integrated from primary 
through to tertiary levels, the Government should 
establish a Standing Committee for Mathematics to 
include representatives from all sectors and 
stakeholders (Savage et al. 2000, p iv). 
2.3 Mathematics education 
2 .3 .1 The nature of mathematical knowledge 
I t has been argued that knowledge does not exist as a definable object 
independent of the knower (Ernest 1995, p 3) and does not have fixed 
properties of its own. My counter argument to this is that a graph of a 
quadratic function has definable properties whether people know about them 
or not; it has a turning point which lies on its axis of symmetry; it crosses the 
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vertical axis at a point defined by its constant te rm; whether and where it 
crosses the horizontal axis is determined by the coefficients of its other terms. 
The primary argument may assert that a graph of a quadratic function is not 
knowledge: it is an object: knowledge of an object is personal to the knower. 
a mathematical truth is not dependent upon the 
contingencies of adult society but upon a rational 
construction accessible to any healthy intelligence; 
an elementary truth in physics is verifiable by an 
experimental process that is similarly not dependent 
upon collective opinions but upon a rational 
approach, both inductive and deductive, equally 
accessible to that same healthy intelligence(Piaget 
1971 page 26). 
I t is not intended in this thesis to debate the nature of knowledge. In 
agreement with Piaget (1971 page 26) it is accepted that there are 
mathematical truths which are not dependent on the knower. 
2.3 .2 The purpose of mathematics education 
The National Curriculum (DfEE 1999) recognises the importance of 
mathematics in everyday life and in public decision-making. 
Mathematics equips pupils with a uniquely powerful 
set of tools to understand and change the world. 
These tools include logical reasoning, problem-
solving skills, and the ability to think in abstract 
ways. Mathematics is important in everyday life, 
many forms of employment, science and 
technology, medicine, the economy, the 
environment and development, and in public 
decision-making (DfEE 1999). 
A similar statement is found in the 2001 yearbook of the National Council of 
Teachers of Mathematics 
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In a vital democracy, a primary goal of schooling 
should be the development of thoughtful, informed, 
and active citizens. Mathematics is an indispensable 
tool for reaching this goal (Abrams 2001 page 269). 
This sensible and rational view finds support from diverse sources. According 
to Piaget (1971, p l24 ) the role of education is the training of " inventive and 
critical minds". In an essay in support of a classical education Daniel (2003) 
states. 
The purpose of education is rather to furnish and 
order a mind such that information can 
subsequently lodge there, to create understanding, 
for what is understood remains whilst nonsense is 
ephemeral (Daniel 2003). 
Daniel (2003) supports the study of traditional subjects but sees relationships 
among them. He points to the benefits that individual subjects contribute to 
education. Of mathematics he says. 
So too the study of mathematics engenders a sense 
of shape and proportion, of cause and effect and of 
(largely fictitious) probability which endures long 
after we have forgotten the formula for quadratic 
equations or the value of pi (Daniel 2003). 
According to the 17* century writer and philosopher, Francis Bacon, study of 
mathematics serves the development of subtlety (Pritcher 1985, page210). 
Subtlety, however, is only part of a person's character and development of the 
whole character requires a broad range of study. Bacon's essay, "Of Studies" 
(Pritcher 1985, page 209) anticipates ideas expressed by Bloom (1956) in his 
taxonomy of cognitive skills, which has correspondence with the concepts of 
' instrumental understanding' and 'relational understanding' put forward by 
Skemp (1976). At the lowest level of Bloom's taxonomy of cognition is 
23 
knowledge. The higher levels are, respectively; comprehension; application; 
analysis; synthesis and evaluation (Bloom 1956). Skemp (1976) describes 
instrumental understanding as rules without reasons. Relational understanding 
is knowing both what to do and why. Bacon's advice to the reader implies 
development of relational understanding and the higher level cognitive skills. 
Read not to contradict and confute; nor to believe 
and take for granted; nor to find talk and discourse; 
but to weigh and consider (Pritcher 1985). 
Another supporter of wider education is Dr Robert Hawley, current Chairman 
of Taylor Woodrow pic and past president of the Institution of Electrical 
Engineers. Hawley (2003) argues that broadening the base of engineering 
education will enhance, or perhaps enable, students' creativity and that those 
who study the arts and humanities also need a basic understanding of science. 
Future developments in technology, he asserts, will require partnerships 
between creators and users. In making recommendations for the development 
of higher education, Robbins (1963, p8) considered as guiding principles that 
education serves to "develop a [wo/]man's capacity to understand, to 
contemplate and to create"; and that any society would want its citizens to be 
"not merely good producers but also good men and women" (Robbins 1963, 
p8). 
In the field of bioscience some practitioners consider that, associated with 
specific disciplines, there is essential mathematics which students need to 
understand and master (Tariq 2005). A problem solving approach is advocated 
in order to achieve "deep learning." 
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The views of Hawley (2003) and Tariq (2005) are compatible with that of 
Laurillard (1997). 
The point of an academic education is that 
knowledge has to be abstracted, and represented 
formally, in order to become generalisable and 
therefore more generally useful...concepts need to 
be grounded in experience and practice before they 
can be abstracted (Laurillard 1997 page 19/20). 
Although Laurillard's (1997) book is about the teaching of mathematics, her 
statement about the point of an academic education implies that the study of 
mathematics is part of a wider education. Daniel (2003) rejects emphatically 
that the primary purpose of education should be vocational. 
The prejudice against so-called "dead" languages is 
founded upon a grave misconception - to whit, that 
education should serve a demonstrably useful 
vocational purpose. That is the function of 
apprenticeship (Daniel 2003). 
He is dismissive of any notion that education can be measured from the 
volume of information that may be imparted. 
The imparting of information is merely an incidental. 
Few of us use or even recall a modicum of the 
information so laboriously amassed at school. The 
hours currently devoted to training our children in 
IT, for example, are, quite simply, t ime wasted. By 
the time that they are ful l-grown, IT will have been 
transformed ( I trust) and anyone with an orderly 
mind can pick up the required skills in mere days 
(Daniel 2003). 
Similarly Piaget (1971, p82) rejects the idea that success in education can be 
measured quantitatively, and refers to "intolerable overloading of educational 
programs" (Piaget 1971, p96). 
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Cohen et al (2001, p34) outline the argument that modular competence-based 
curricula reflects the "commodification, measurability and trivialisation of 
curricula..." Concerns of this nature are not new. In the nineteenth century 
Dickens (1994 ) \ through his novel, Hard Times (Dickens 1994)^, expressed 
similar concerns. 
Now what I want is, Facts. Teach these boys and 
girls nothing but Facts. Facts alone are wanted in 
life. ... Stick to the Facts, Sir! (Dickens 1994 p i ) ^ 
Thomas Gradgrind now presented Thomas 
Gradgrind to the little pitchers before him, who were 
to be filled so full of facts. (Dickens 1994 p2) ^ 
Dickens' novel parodies the Monitorial System (or perhaps its implementation 
rather than the system itself) developed by Joseph Lancaster in the 19*'^  
century. His main criticism of the system seems to be that it treats learners as 
empty vessels to be filled with facts. Norton et al (2000) appear to have found 
similar attitudes when conducting research in a private girls school in the 2 0 * 
century. 
They had accepted that getting students to "Jump 
through hoops" was part of their responsibility as 
teachers. Peter stated, "assessment is what we are 
about... My teaching is geared towards 
assessment." Eva carefully drilled the rules and 
algorithms that would be on the next examination 
and explained that "algorithms are very important 
since everything is based upon those algorithms 
(Norton etal. 2000). 
^ 1854 in 'Household Words' 
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Norton et al (Norton et at. 2000) provide a brief insight into mathematics 
teaching at a particular school and the comparison with Dickens's novel is not 
intended to infer a lack of educational development over two centuries. In 
Dickens' novel, education is wholly the transfer of knowledge and the role of 
the teacher is absolute. In the mathematics classes observed by Norton et al 
(2000) transfer of knowledge and skill was paramount and the role of the 
teacher was dominant. 
Peter, Eva and Emm all liked t ight control over their 
students' activities and insisted on compliance and 
obedience. ... In their classes, the teacher did almost 
all of the talking and students were limited to very 
precise responses. Peter and Emm liked to decide 
what skills and activities were appropriate for their 
students to such a degree that they both decided it 
was inappropriate for the students to be exposed to 
mathematical software (Norton et al. 2000). 
The findings of Norton et al (2000) support the opinion of Laurillard (1993), 
which raises the question of what is being achieved by formal education. 
Mastery of the art of taking examinations designed 
to test knowledge is more prevalent than mastery of 
the knowledge itself (Laurillard 1997). 
The concern is over what learning activities can be regarded as constituting 
education. Dickens (1994) and Norton (2000) describe activities which are 
compatible with the first level of Bloom's Taxonomy (Bloom 1956, p 18): the 
acquisition of factual knowledge; stating, defining, recalling and describing. I t 
can be reasoned that learning activities that develop the lower levels of the 
taxonomy constitute training, whereas education should comprise activities 
that develop all levels of the taxonomy. There may be a tension between 
whether certain learning activities should be regarded as training or as 
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education. Formal categorisation of learning activities as education or training 
would not be helpful in this thesis, the purpose of which is to consider how 
technology can be applied appropriately to assist learning. 
Dickens's parody of nineteenth century education appears still to have 
relevance today. His following quotation describes education that is l imited to 
the lower levels of Bloom's Taxonomy (Bloom 1956), knowledge, 
comprehension, and application: the higher levels, analysis, synthesis and 
evaluation are precluded. 
Herein lay the spring of the mechanical art and 
mystery of educating the reason without stooping to 
the cultivation of the sentiments and affections. 
Never wonder. By means of addition, subtraction, 
multiplication, and division, settle everything 
somehow, and never wonder (Dickens 1994). 
This is in stark contrast to current thinking on the aims of education as 
advocated by Biggs (2003) and Petty (1998). Both of these authors argue 
convincingly that education should be concerned with much more than the 
acquisition of facts and information. Petty (1998, p346) encourages 
development of the skills of analysis, synthesis and evaluation. Biggs (2003, 
p9) advocates teaching methods that require and/or encourage the student to 
engage in "higher cognitive level processes", such as relating, applying and 
theorizing. 
The committee appointed in 1961 (Robbins 1963, piii) to review the pattern of 
full-t ime higher education in Great Britain considered that it was undertaking 
the first-ever comprehensive survey of higher education in the United 
Kingdom (Robbins 1963, p4). The committee saw two significant changes in 
circumstances that necessitated the survey. Firstly, the universities had 
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become dependent on funding from the state. Secondly, the academic level of 
many courses delivered by other colleges was considered to be on a par with 
degree courses offered by the universities, bringing to an end the universities' 
role as sole providers of higher education at degree level. 
While the committee commended separate, independent initiatives, it 
considered that it was in the national interest to establish a coordinated 
system of higher education. I t was, however, emphatic that it was not 
demanding central planning and control of institutions; freedom of individuals 
and institutions was highly valued. 
Rejecting any idea that the purpose of higher education could be summarised 
in a single objective or described by a simple formula, the committee outlined 
four broad objectives which they considered essential and minimal (Robbins 
1963, p6-7). 
• Whatever is taught should be taught in a way conducive to the 
development of "cultivated men and women", who are able to apply 
their skills and knowledge generally. 
• Students should be able to acquire skills relevant to the national 
economy and industry. 
• The advancement of learning: research 
• Institutions contribute to the general cultural life of the communities 
in which they are situated. 
For Robbins, it is acceptable and not contradictory that higher education 
should provide students with opportunities to develop utilitarian skills and at 
29 
the same time "promote the general powers of the mind" (Robbins 1963, p6). 
Today, Tomlinson (2004, p86) agrees with this, stating that, "There is no 
absolute distinction between vocational and general (or academic) learning". 
Under the heading of "Academic freedom and its scope" Robbins (1963, p228) 
balances the needs of the individual and the institutions with the responsibility 
of the Government to ensure that the development of higher education is 
adequate to national needs. 
In recommending vast expansion of higher education, Robbins acknowledged 
that this expansion would require to be given priority in the allocation of 
national resources. This he defended as essential "for the realisation in the 
modern age of the ideals of a free and democratic society" (Robbins 1963, 
p265-267). In the neixt section we look at the increasing numbers participating 
in higher education. 
2.4 Widening participation 
Between 1971 and 2001 the number of undergraduate enrolments in United 
Kingdom institutions of higher education increased by approximately 170% 
(DfES 2001). Over the same period the total population of the United Kingdom 
changed by only a few percent (ONS 2001, spreadsheet). In 2003, 43 percent 
of 18-to-30 year olds were participating in higher education in England and 
Wales (DfES 2003a, p57), and it is the policy of the United Kingdom 
Government to increase this figure towards 50 per cent by the year 2010 
(DfES 2003a, p57). In the first half of the 20^" century there was a steady 
increase in the numbers participating in higher education (Robbins 1963, p l 5 
table 3). Figure 2.1 below shows the numbers of full t ime students in higher 
education for the whole of the 20* century. I t has been compiled from data 
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from the Robbins report (Robbins 1963, p l 5 table 3) and data from the 
Department for Education and Skills (DfES 2001). 
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Figure 2 . 1 : Growth in number of students in Higher Education 
Given this dramatic rise, over the last thirty years of the 20*^ century, in the 
proportion of the population participating in higher education, perhaps it 
should not be surprising if uncertainties arise in the compatibil ity between the 
education system and the students. 
Assuming that any selection process (for whatever purpose or establishment: 
school, sports team, employment, government) selects the most able and/or 
suitable, then, if the selection process is changed and a greater proportion of 
the population is admitted, the average (mean or median) ability of the 
entrants must decline. Unless the establishment to which increased numbers 
have been admitted makes some change in its behaviour to accommodate the 
lower average ability, then it would not be surprising if the average 
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achievement of the alumni also declined. This argument assumes that 
achievement is a function of ability and that both are quantities that can be 
measured. Many (Piaget 1971; Skemp 1976; Pritcher 1985; Laurillard 1997; 
Hawley 2003; Watson and De Geest 2005; Webb 2005) reject the idea that 
success in education can be measured by quantity. The underlying principle of 
the argument, however, is sound: changing the input to a system, while 
keeping the system constant, can be expected to cause a change in the 
output. Piaget acknowledges this and sensibly advises that if the number 
entering education is deliberately increased then thought must be given to the 
future; the structures which are currently appropriate are unlikely to remain 
appropriate (Piaget 1971, p86). 
In the case of mathematics education, the general problem, of developing the 
system to accommodate a greater proportion of the population, is exacerbated 
by problems discussed in this chapter. 
Smith (2004, p l53-156) makes recommendations on curriculum content, 
delivery and assessment. In developing these recommendations. Smith (2004, 
p96) puts forward the idea that education needs to be adapted to the needs, if 
not of the individual learner, then of a range of learners with differing 
characteristics. 
not all learners learn in the same manner, or at the 
same speed, or respond positively to the same 
styles of assessment (Smith 2004, p96). 
This resonates with Biggs' (2003, p20-22) concept of constructive alignment 
and with Piaget's (1971, p l 37 ) description of teaching methods which take 
into account the nature of the learner. 
32 
Smith (2004, p97) also suggests that new approaches to pedagogy and the 
employment of ICT should be guiding principles in the construction of possible 
future pathways for mathematics in schools. Tomlinson (2004, p92-94), 
concerned that "too many young people are turned off learning and fail to 
achieve between 14 and 19", devotes a chapter to proposals intended to 
make education more relevant and appealing to this group. Higher education 
too is intended to respond to the needs of a wider section of the population. 
As more people from non-traditional backgrounds go 
into higher education we must make sure that they 
are well-served when they get there (DfES 2003a, 
p63). 
Through the Qualifications and Curriculum Authority (QCA), the Government 
set up the Post-14 Mathematics Inquiry (Smith 2004). This inquiry invited 
responses to a wide range of questions and issues including government's 
policy and strategy, and the curriculum. The terms of reference of the report 
were. 
To make recommendations on changes to the 
curriculum, qualifications and pedagogy for those 
aged 14 and over in schools, colleges and higher 
education institutions to enable those students to 
acquire the mathematical knowledge and skills 
necessary to meet the requirements of employers 
and of further and higher education (Smith 2004, 
P2). 
Tomlinson (2004, p96) asserts that actively involving individuals in discussion 
on the effectiveness of the teaching/learning process is not only appropriate 
but is also conducive to the development of wider attributes and skills. 
Learners are best served by consulting them. 
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2.4 .1 Teaching and learning 
Berry and Sharp (1999) describe a student-centred model for university level 
mathematics modules. They express concern that the nature of mathematics 
teaching in schools is essentially transmissive, what Biggs (2003) would 
describe as Level 1 : teachers transmit their knowledge to students; learning is 
a function of the student's ability. They sought to develop a delivery style of 
teaching/learning that was 
• more student active, less staff active; 
• co-operative between student, and student 
and staff; 
• constructive in the sense that students 
develop their own knowledge, skills and 
understanding from their own mathematical 
activities; 
• reflective, in the sense that each student sees 
the approach of their peers and compares 
with their own (Berry et al. 1999, p30). 
Biggs (2003) describes this type of teaching as Level 3; learning is a function 
of what the student does; characteristics of the student, characteristics of the 
environment and characteristics of the teacher all influence what the student 
does. Berry and Sharp (1999) were attempting to achieve what Biggs (2003, 
p20-22) would now describe as Constructive Alignment, a design for teaching 
calculated to encourage deep engagement of students with the subject. Berry 
and Sharp assessed the student's initial concept of learning on a scale of 
seven "steps to good learning," (Berry et al. 1999) comparable with Bloom's 
(1956) taxonomy of cognitive learning skills. While they found it encouraging 
that the majority of the group recognised the value of co-operation and 
discussion, they draw attention to the consensus belief of the cohort that the 
teacher plays a dominant role in their learning. They suggest that this belief 
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gave rise to significant apprehension among the group, and even hostility in 
one student, as the teaching style employed is opposed to this belief. A post-
module questionnaire showed that the cohort recognised the positive aspects 
of the style of delivery. The student who initially had been hostile, describing 
the delivery style as "trendy teaching" is quoted as stating In the post-module 
questionnaire, " I think the style was beneficial". 
Biggs (2003) cites two quotations at the start of his book to remind us that 
learning takes place through the engagement of the student In the learning 
process. The teacher can assist and support the engagement, but what Is 
learned is determined by the quality and strength of the engagement of the 
student: essentially, what the student does Is more significant than what the 
teacher does. The need to engage the student Is echoed by Petty (1998, p l 33 ) 
who cites a survey conducted In the 1930s to corroborate his assertion that 
the ability to explain things Is a characteristic which students value highly in a 
teacher. This reasoning Is affirmed by Piaget (1971). 
I f we desire, in answer to what Is becoming an 
increasingly widely felt need, to form individuals 
capable of inventive thought and of helping the 
society of tomorrow to achieve progress, then it is 
clear that an education which is an active discovery 
of reality is superior to one that consists merely In 
providing the young with ready-made wills to will 
with and ready-made truths to know wlth(Piaget 
1971, p 26). 
All of these authors. Biggs (2003), Petty(1998) and Piaget(1971) recognise 
and deprecate the possibility that education can be seen simply as the 
acquisition of knowledge. Piaget (1971, p l 37 ) recognises this as the "o ld" or 
"tradit ional" methods of education. He acknowledges that education of children 
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involves inducting them to an adult social environment and consequently he 
identifies two factors of the education process, the individual, and the values 
of the society into which the individual is entering. "Tradit ional" methods of 
education he criticises as "mere transmission of collective social values from 
generation to generation" (Piaget 1971, p l37 ) . The educator was concerned 
with the outcome of education but not with the means or techniques of 
achieving the outcome. Education treated the child "as a little man to be 
instructed, given morals, and identified as rapidly as possible with its adult 
models" (Piaget 1971, p l37 ) . He describes 'new' methods as taking into 
account the individual nature of the child. 
Corresponding with the above viewpoint. Biggs (2003, p20-22) identifies three 
levels of teaching. Level 1 requires that teachers know their subject well and 
transmit their knowledge to students. Learning is a function of the student's 
ability. At Level 2 the onus for students' learning shifts from the students to 
the teacher. Teaching technique and class management skills are paramount. 
The third level, to which we are encouraged to aspire, recognises that learning 
is a function of what the student does, and what the student does is influenced 
by characteristics of the student, characteristics of the environment and 
characteristics of the teacher. These interactions, between the student, the 
teacher and the environment in which the learning takes place, all have a 
bearing on learning outcomes. Student achievement is maximised when all 
three of these factors are working in harmony with each other. Biggs (2003, 
p9) defines this harmony as "Constructive Alignment". 
While the idea is evidently supported that education should be concerned with 
development of the "higher cognitive level processes" (Biggs 2003, p9), simple 
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transmission of knowledge cannot be excluded from the education process. 
Piaget (1971, p78) asserts that "every discipline must include a certain body 
of acquired facts" and observes (Piaget 1971, p l37 /8 ) that it is just as natural 
for a child to be passively receptive as to be actively enquiring. He does not 
suggest an equal balance between passivity and activity; neither does he 
suggest equivalence between them; only that passivity and activity are both 
natural. 
Acquisition of facts is not the same as assimilation of concepts. Skemp (1976) 
makes a distinction between "instrumental understanding" and "relational 
understanding". Piaget (1971, p26) contrasts the acquisition of facts with "a 
process of research and discovery during the course of which the human 
intelligence affirms its own existence and its properties of universality and 
autonomy", and questions whether "educational methods of transmission" are 
appropriate for the latter. 
Similarly, Petty (1998, p l 27 ) commends the ability to explain but warns 
against the danger for teachers of relying too much on speech to deliver a 
lesson. The disadvantages he lists include that retention of information 
delivered orally is low; and that the average concentration span of students is 
shorter than for other methods of delivery. 
Figure 2.2 (Biggs 2003, p8) illustrates that academically oriented students can 
be stimulated by passive teaching methods while less academically oriented 
students require active teaching methods. 
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Figure 2.2: Student engagement vs teaching methods (Biggs 2003, p8) 
Some students are academically oriented and spontaneously exercise the 
higher levels of engagement. Others need more support to develop their use 
of the higher levels of engagement in learning. I t is not a simple matter of 
teachers learning new techniques. What is effective in one situation may not 
be effective in another. This was a conclusion of a United Kingdom 
Government inquiry in the teaching of mathematics (Cockcroft 1982, p71). 
The committee of inquiry specifically declined to indicate any definitive style 
for the teaching of mathematics stating that it is neither desirable nor possible 
to do so. Teaching, in the committee's view needs to be related to the abilities 
and experience of both teachers and pupils. They do, however, identify certain 
elements which they believed necessary for successful teaching of 
mathematics to "pupils of all ages". These elements are exposition by the 
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teacher; discussion between teacher and pupils and between pupils 
themselves; appropriate practical work; consolidation and practice of 
fundamental skills and routines; problem solving, including the application of 
mathematics to everyday situations; and investigational work. 
Reflection, as a necessary component of the process of learning is referred to 
by Laurillard (1997, p215). Honey (1992) recognises reflection as an integral 
part of the learning process, which he describes as a continuous cycle of 
action, reflection, theorising and pragmatising. I t is perhaps unfortunate that 
he also uses the term, "learning style" to refer to each of these components, 
as this may be taken to imply that these component activities are alternatives 
which different people can employ in their learning. From his book, (Honey 
1992), it is clear that any particular person may incline more naturally to one 
component of the cycle than another. His readers are advised that effective 
learning requires completion of the cycle, and they are encouraged to develop 
the use of any non-preferred component(s). 'Learning preference' may be a 
more accurate term than 'learning style'. I f effective learning requires 
utilisation of all components of the cycle then any pedagogy based on the 
'learning style', the component of the cycle preferred by the learner, must 
necessarily be deficient. Pedagogy must also take into account the nature of 
what is to be learned. I t is possible that, depending on the nature of what is 
being learned, the learning cycle may be dominated by one component. One 
can perceive that the learning of concepts may require considerable reflection, 
while the learning of processes may require considerable activity, or practice. 
I f is also conceivable that different individuals may require to spend different 
amounts of t ime in any stage of the cycle to learn the same thing. Individuals 
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can also adapt to a situation. Having a preference for activity does not imply 
an inability to theorise. Mays and de Freitas (2005) advise caution in the 
promotion of learning styles as a basis for pedagogy because identification of 
learning style is "elusive" and it is unjustified to expect that learners display 
"enduring preferences and patterns of learning in all situations". Chinn and 
Ashcroft (2005, p l4 -24) describe a learning cycle with three components; 
analysing and identifying the problem; solving the problem; and checking and 
evaluating. They also refer to "cognitive style" which describes how a learner 
progresses through the learning cycle. They consider that awareness of a 
range of cognitive styles is essential for effective teaching of a broad spectrum 
of learners. Cognitive style, as shown in table 2.1 provides more useful detail 
within the learning cycle. The two extremes of the continuum of cognitive 
styles are the Mnchworm' and the 'grass-hopper' (Chinn and Ashcroft 1998, 
p l 8 ) . The characteristics of each are shown in table 2 . 1 . Clearly there are 
going to be occasions when the grasshopper approach will be more effective 
than the inchworm approach and vice versa. The job of the teacher is to 
develop a pedagogy that will take account of students' possible behaviours 
and the nature of the intended learning and elicit appropriate responses from 
the student. Webb (2005, p708) draws attention to research findings that 
misconceptions held by the participating students were not influenced by 
formal teaching. I t was found that students would learn by rote a taught 
concept, but still retain their own misunderstanding of it. Pedagogies which 
promote conceptual change are reviewed by Webb (2005, p708-713). The 
essential nature of these pedagogies is Socratic: the main interaction between 
the student and the teacher is discussion in which the student is encouraged 
to think. 
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Analysing and 
identifying the problem 
Solving the problem 
Checking and evaluating 
Inchworm 
Focuses on the parts 
and details. Separates. 
Looks at the numbers 
and facts to select a 
relevant formula or 
procedure. 
Formula, procedure 
oriented. 
Constrained focus. Uses 
a single method. 
Works in serially ordered 
steps, usually forward. 
(Rifle). 
Uses numbers exactly as 
given. 
More comfortable with 
paper and pen. 
Documents method. 
Unlikely to check or 
evaluate answer. I f 
check is done, uses 
same procedure or 
method. 
Often does not 
understand procedure or 
values of numbers. 
Works mechanically. 
Grasshopper 
Tend to overview, 
holistic, puts together 
Looks at the numbers 
and facts to estimate an 
answer and to restrict 
range of answer. 
Controlled exploration. 
Answer oriented. 
Flexible focussing. 
Methods change. 
Often works back from a 
trial answer. Multi-
method (Shot gun). 
Adjusts, breaks 
down/builds up numbers 
to make an easier 
calculation. 
Rarely documents 
method. Performs 
calculation mentally. 
Likely to appraise and 
evaluate answer against 
original estimate. 
Checks by alternate 
method. 
Good understanding of 
the numbers, methods 
and relationships. 
Table 2.1: Cognitive stvles (Chinn et al. 1998. pl9) 
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2.4.2 Summary 
2 .4 .2 .1 The nature of mathematical knowledge 
In this thesis we adopt the view of Piaget (1971, p26) that mathematical 
knowledge exists independently of the knower. 
2.4.2 .2 The purpose of mathematics education 
Mathematics education is part of a wider education and there is a wide 
consensus (Bloom 1956; Piaget 1971; Skemp 1976; Cockcroft 1982; Pritcher 
1985; Laurillard 1997; Chinn etal. 1998; Petty 1998; Berry et al. 1999; Biggs 
2003; Daniel 2003; Hawley 2003; Smith 2004; Tariq 2005; Watson et al. 
2005; Webb 2005) that education should be concerned with the development 
of skills such as analysis, synthesis and evaluation. Underlying these skills is 
the acquisition of knowledge. While the ability to recall knowledge is 
undoubtedly useful and has a place in education, by itself i t would define a 
very unambitious goal for education, leaving higher cognitive abilities 
undeveloped and potential unfulfilled. 
Education is for the benefit both of the individual and of the society of which 
the individual is part. This thesis does not consider conflict between the 
individual and society. I t is assumed, perhaps idealistically, that society values 
individuals who have inventive and critical minds and is tolerant of non-
conformity to tradit ion. 
2.4.2.3 Widening participation 
Since the 1970s the numbers participating in education at all levels have 
increased. Widening Participation, a current government initiative (DfES 
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2003b), actively encourages students from socio-economic backgrounds which 
traditionally would not provide entrants to Higher Education. 
The changing student profile must make changing demands on the education 
system. This may in someway contribute to the concerns expressed by Savage 
et al (2000), and Tariq (2005). 
2.4.2.4 Teaching and learning 
While there is evidence of support for the view that the purpose of education 
is to develop the higher cognitive skills (Bloom 1956; Piaget 1971; Skemp 
1976; Cockcroft 1982; Pritcher 1985; Laurillard 1997; Chinn et al. 1998; Petty 
1998; Berry et al. 1999; Biggs 2003; Daniel 2003; Hawley 2003; Smith 2004; 
Tariq 2005; Watson et al. 2005; Webb 2005) there is evidence of practice 
which neglects them and which is confined to exercising lower cognitive skills 
(Piaget 1971; Skemp 1976; Dickens 1994; Laurillard 1997; Norton et al. 
2000; Cohen et al. 2 0 0 1 ; Tariq 2005). 
There is evidence (Cox and Webb 2004, p258/9) of the development of 
pedagogies to address the development of the higher cognitive skills. Essential 
aspects of this development are that the student has greater influence on the 
pace and content of learning sessions and that the role of the teacher 
becomes less dominant, but remains crucial. The teacher must establish 
intended learning outcomes and guide students towards them. Although 
intended outcomes may well include or imply the recall of information, the 
formation of concepts is the overriding aim. The teacher is not solely a 
provider of information, but has to stimulate discussion and reflection 
appropriate for the development of concepts and the correction of any 
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misconceptions. I t is suggested that this type of pedagogy leads to the 
student taking greater onus for his/her learning and consequently gaining in 
confidence. Learning is more effective when teachers fulfil role models rather 
than act as fountains of knowledge. Teachers and students need to establish 
an environment of mutual respect where students take onus for their own 
learning. 
2.5 Use of Informat ion and Communication Technology ( I C T ) in 
education 
2 .5 .1 The case for using technology 
The United Kingdom Government's commitment to the use ICT in schools is 
confirmed in a report. 
The ICT in Schools programme (formerly the NGfL 
programme) is the Government's key initiative for 
improving ICT provision in schools, developing a 
wide range of digital resources for teaching and 
learning and equipping teachers to be effective 
users of ICT. The programme underpins the 
Government's vision for transforming education. 
(DfES 2002, p21). 
The Smith Report, Making Mathematics Count (Smith 2004, p l33 ,134) , 
acknowledges the role of Information and Communication Technology (ICT) in 
the support of the teaching and learning of mathematics, noting that Learning 
and Teaching Support Networks (LTSNs) have considerable experience in the 
electronic delivery of materials aimed at enhancing learning and teaching in 
mathematics. The enquiry, however, was unable to identify any clear audit of 
the availability and use of ICT to support the teaching of mathematics, and 
recognised the need to understand the current position with regard to the 
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availability of ICT resources, to encourage appropriate use of currently 
available resources and to identify high quality software. A report from the 
British Educational and Communications Technology Agency to the Learning 
and Skills Council states that "in most colleges ... electronic learning materials 
are not extensively used". (BECTa 2004, p3). Smith (2004) makes the 
following recommendations. 
The Inquiry recommends that the remit of the new 
national support infrastructure include the 
responsibility for auditing existing ICT provision for 
mathematics in schools and colleges, assessing the 
need and potential for future ICT provision in 
support of the teaching and learning of mathematics 
and advising the DfES and the LSC on ICT 
investment requirements for mathematics in schools 
and colleges (Smith 2004, p l 5 8 ) . 
Recommendation 6.13 
The Inquiry recommends that the [National Centre 
of Excellence in the Teaching of Mathematics] 
NCETM should: 
• Work...to provide a centre for expertise 
for..commissioning and dissemination of 
...materials to enhance the teaching of 
mathematics through the use of ICT (Smith 
2004, p l 60 ) . 
Clearly there is a belief that information and computer technology (ICT) has 
the potential to make a significant impact on education and it is government 
policy that ICT should be available for teachers to exploit, and that 
development should take place in the use of ICT to teach mathematics. 
The use of visual representation in teaching is probably as old as teaching. 
Around 300 BC Plato described how Socrates drew figures in the sand to 
illustrate the concept of the square root of two (Hamilton and Cairns 1973, 
p365). In the last decade of the 2 0 * century Arganbright (1993) finds that the 
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format and the graphic capabilities of a computer spreadsheet make it "an 
excellent tool for visualizing mathematical concepts". Socrates' use of 
illustration was to assist the pupil to visualise and put into words the concept 
of the square root of two. The illustration supported questioning to stimulate 
mental activity; "This knowledge will not come from teaching but f rom 
questioning." (Hamilton et al. 1973, p370). Arganbright (1993) advocates the 
use of spreadsheets as a way of encouraging "new ways of th inking", and of 
stimulating "intellectual creativity". 
Although Piaget (1971, p78-80) cannot be quoted as an advocate of the use of 
technology, he was certainly open-minded about possible benefits from 
appropriate use of technology. Acknowledging that every discipline must 
include a certain amount of facts, he recognised that memorising had a part to 
play in learning and he entertained the possibility that teaching machines 
might be able to transmit information more efficiently than other methods. In 
the 1930s he had two major, and possibly damning, criticisms of teaching 
machines. The first was that their development was motivated more from 
commercial than educational needs. The second was that the programmers of 
the machines merely transposed the contents of textbooks into a mechanised 
form and he considered that many of the textbooks which programmers could 
readily transpose were, in any case, of dubious quality. Laurillard (1997) 
recognises similar limitations in the use of technology later in the 2 0 * century. 
Referring to her analysis of teaching media she states 
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...most of them fail to provide feedback on students' 
description of their conceptualisation of a topic, and 
also fail to support the reflection they need to do in 
order to conceptualise and describe the experiences 
they have had within a learning session (Laurillard 
1997, p 215). 
Her criticism suggests that the materials under review had been designed from 
a knowledge-transmission perspective of learning; what Biggs (2003) calls 
level 1 teaching. 
Mayes and de Freitas (2005, p5) call for the role to be played by technology to 
be defined within the overall educational design process and not judged by 
separate criteria. This reiterates Laurillard's (1997, p216) view that the 
success of new technology materials depends upon how they are integrated 
into courses. I t is clearly logical that the choice of a tool or medium must take 
into account the purpose for which it is being employed. 
According to Petty (1998, p316) almost 9 0 % of information we take in is 
absorbed visually. He recognises many advantages of the overhead projector 
over the blackboard or whiteboard and lists the main advantages as 
• ... make difficult concepts easy to explain 
• I t saves you a great deal of t ime in class, 
enabling you to concentrate on more pressing 
matters 
• You can face the class... 
• Complicated diagrams may be drawn to a 
high standard of accuracy (Petty 1998, p319). 
Petty (1998, p324) also describes techniques for overlaying and combining 
acetate sheets to achieve effective illustrations and includes some well-
established principles, such as minimising the number of words on the 
acetate; highlighting important words and purposeful use of colour. 
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Electronic data projectors, connected directly to computers, can render 
overhead projectors and acetate sheets obsolete. Guiding principles for 
creating and using visual aids, although they may be subjective, are relevant 
no matter whether the projected image is from an acetate sheet or from an 
electronic source. 
For evaluation of computer-based material Petty includes the following simple 
common-sense criteria 
Does it do something that needs doing? 
Is the resource interactive? 'Page turners' 
soon bore students. 
Value for effort. Is it going to take the 
students so long to learn how to use the 
material that the educational gains are not 
worth their effort? (Petty 1998, p337). 
Modernising the medium can be justif ied for reasons which have little impact 
on pedagogy or on the effectiveness of learning. From a teacher's perspective 
it may be simpler and more convenient to use electronic projection than to 
manipulate a number of acetates, especially if a computer is used in the 
design and creation of the acetates. I f the teacher feels more comfortable with 
the medium then this must have a beneficial effect on the audience; transition 
between projected images may be quicker, reducing the potential for 
distraction and making better use of students' attention span, but this does 
not fundamentally change the pedagogy. 
2.5 .2 Pedagogy 
I f ICT is to be more than just an alternative medium then we have to decide 
on the role of technology within the pedagogy. In a review of current 
developments in e-learning Mayes and de Freitas (2005) identify three broad, 
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overlapping perspectives in educational theory; the associative/empiricist 
perspective (learning as activi ty); the cognitive perspective (learning as 
achieving understanding) and the situative perspective (learning as social 
practice). A precise definition of e-learning is elusive. I t encompasses virtually 
any use of electronic technology for educational purposes. The majority of the 
developments reviewed fall into the second of these broad perspectives, the 
cognitive perspective (learning as achieving understanding). 
Webb (2005) analyses examples of successful incorporation of ICT into 
pedagogies for science education. Both Webb (2005)and Held (2002, p97) cite 
a wider range of experience as one of the potential benefits from the use of 
technology. In 2002 Held had been using computer algebra systems (CAS) for 
20 years. As an advocate of their use, she outlines ways in which she has used 
them based on theories of learning (Held 2002, 95-108), acknowledging that 
the potential impact of this technology is dependent on how it is used (Held 
2002, p97). In her concluding remarks she indicates a belief that the use of 
CAS changes the environment in which mathematics is learned and calls for 
further research "based in the mathematics classroom" (Held 2002, p l 0 9 ) . 
Goos et al (2000, p317) logically reason that it is natural for teachers to use 
new technologies in ways that are consistent with their preferred teaching 
methods, but warn that this may constrain a tool to uses which do not exploit 
its potential. They find that technology can be used to make mathematics 
meaningful to students but warn that there is not a simple 'cause and effect' 
relationship in the use of any new technologies, which supports Biggs' 
concept of constructive alignment: materials and activities have to be matched 
to the learners' needs. 
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Kissane (2003, p l 5 3 -157) theorises possible stages in the incorporation of 
technology into practice and suggests that full incorporation is more likely to 
take years than months. In the initial stage the teacher has to become familiar 
with the technology. In stages 2 and 3 the teacher progresses from making 
occasional, particular use to routine use. In the fourth and final stage, use of 
the technology has an influence on the content of the curriculum. There is 
correspondence between this four-stage model and the three-stage model 
suggested by McCormick and Scrimshaw (2001) where initially the teacher 
uses technology to do more efficiently what the teacher normally does; 
technology can then be used to extend the range or scope of what the teacher 
does; and in the final stage the curriculum can be completely transformed by 
the use of technology. 
I t cannot be overemphasised that the availability of technology, however 
intelligent, versatile and amenable it may be, will not by itself have an impact 
on learning. I t is the way in which it is used that can have an impact. Webb 
(2005, p731) refers to a study that revealed 'misplaced expectation that ICT 
could work unaided without pedagogical guidance'. Mayes and de Freitas 
(2005, p l 5 ) point to disillusionment with computer-based learning in the last 
two decades of the 2 0 * century and attribute this to a "discredited idea" that 
the "vivid and naturalistic representations of knowledge" made available 
through multimedia would lead to more effective learning. 
2.5.3 Summary 
The United Kingdom Government is committed to the development of ICT 
materials and the use of ICT in the teaching of mathematics (Smith 2004, 
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p l58 /160) . Currently, there is no evidence of widespread use of electronic 
materials for teaching (BECTa 2004, p3). 
While there is criticism of early developments in the use of technology in 
teaching (Laurillard 1997, p215; Mayes et al. 2005, p l 5 ) , there are studies 
which report successful use (Kaput 1992; Goos et al. 2000; Heid 2002; 
Kissane 2003; Webb 2005). A common factor in studies which report 
successful use of technology seems to be that consideration has been given to 
how a tool can be used within the employed pedagogy. 
2.6 Chapter Summary 
2.6.1 Documented problems wi th mathematics education 
In 1982 and 2002 the United Kingdom Government commissioned enquiries 
into the state of mathematics education. Some of the findings of the latter 
report (Smith 2004) echo those of the former report (Cockcroft 1982). 
Cockcroft (1982, p243) recognised a shortage of qualified teachers of 
mathematics. Smith (2004, p l51-153) makes recommendations for training of 
mathematics teachers. A major development during the period between these 
reports has been the implementation of the National Curriculum (DfEE 1999). 
Throughout this period researchers (Laurillard 1997; Savage et al. 2000; 
Egerton 2001 ; Pyle 2001 ; Kent 2002; White 2002; Hawley 2003; Tomlinson 
2004; Tariq 2005) have continued to highlight problems with mathematics 
education. 
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2.6.2 Mathematics education 
There is a consensus that mathematics should be part of a wider education 
(Robbins 1963; Piaget 1971; Cockcroft 1982; Pritcher 1985; Dossey 1992; 
Laurillard 1997; Petty 1998; Nickson 2000; Biggs 2003; Daniel 2003; DfES 
2003b; Hawley 2003; Burghes and Hindle 2004; Tomlinson 2004), and that 
education is concerned with a range of cognitive processes from acquisition of 
knowledge to analysis and evaluation. 
2.6.3 Widening participation 
The growth rate of participants in Higher Education increased dramatically 
after the Robbins (1963) report. In 2002, 4 3 % of 18- to 30- year olds 
participated in Higher Education. The government's intention is for growth to 
continue until this figure reaches 50% (DfES 2003a, p57). 
2.6.4 Use of Informat ion and Communications Technology ( I C T ) in 
education 
While there is acknowledgment of potential benefits from the use of ICT in the 
teaching and learning of mathematics (Smith 2004, p l33 ,134) , there is 
recognition that it will take tirhe for uses of ICT to reach their potential 
(Kissane 2003, p l53 -157). Mayes et al (Mayes et al. 2005) maintain that the 
use of ICT should be defined within the overall educational design process. 
This view is supported by studies (Kaput 1992; Goos et al. 2000; Held 2002; 
Kissane 2003; Webb 2005) which report successful use of ICT where 
consideration has been given to its pedagogic purpose. 
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Chapter 3: Methodology 
3.1 Introduct ion 
The concept of constructive alignment was introduced in Chapter 2. 
Constructive alignment is a design for teaching 
calculated to encourage deep engagement (Biggs 
2003, p32). 
This study is intended to investigate the question; how can technology be used 
in the mathematics classroom to facilitate constructive alignment? 
The purpose of an educational course is conventionally expressed in terms of 
learning outcomes. The principle of constructive alignment is that all factors 
which influence the learning outcomes interact with each other as a system. 
For the system to function successfully the components have to work in 
harmony (alignment) with each other. Any contention or conflict 
(misalignment) between two or more components can lead to failure or 
degradation of the system. The criterion for success of the system is how well 
it achieves its purpose. The term 'deep engagement' implies that the purpose 
of education, or learning outcomes, should be expressed in terms of higher 
cognitive skills rather than in terms of recall ef fects and information. 
The principal factors which affect learning outcomes are 
• The curriculum taught 
• The teaching methods adopted 
• The assessment procedures used, and 
methods of reporting results 
• The climate created in interactions between 
students and teachers 
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• The institutional climate, the rules and 
procedures adopted by the institutions. (Biggs 
2003, p26) 
These factors are encompassed in Figure 3 .1 . The bidirectional arrows in the 
figure show three interactions which can be expected to take place in a 
learning situation. 
Student 
Teacher <^ 
-> Learning materials 
Teaching methods 
Assessment methods 
Procedures and policies 
Figure 3 . 1 : Interactions in the learning process 
The use and expectation of information and communications technology (ICT) 
in education is discussed in Chapter 2. The role(s) of ICT within effective 
pedagogies is/are still evolving. This study examines the use of computer-
based presentation materials in the mathematics classroom and identifies 
benefits and limitations of the resources. In Figure 3 . 1 , presentation materials 
are included under the general term, learning materials. I t can be seen from 
Figure 3.1 that learning materials can influence the student, both directly and 
indirectly via the teacher. 
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3.2 The course which is the subject of the study 
This study is based on a 2-week summer school in mathematics. 
The broad purpose of the summer school is to prepare students for entry to 
the Foundation Pathways in Technology (FPT) programme at the University of 
Plymouth. Successful completion of the one-year (FPT) programme qualifies 
students for entry to degree courses in mathematics and technology. The FPT 
programme provides an alternative pathway into Higher Education, for 
students who do not have the necessary A level qualifications. I t focuses on 
thinking and problem solving with emphasis on understanding mathematical 
and scientific principles (University of Plymouth 2005). 
Successful applicants for the FPT programme are given the opportunity of 
attending the mathematics summer school. This provides a facility for those 
who have not been engaged in formal education for some t ime to refresh their 
skills. Some applicants for the FPT programme are offered a place on condition 
of successful completion of the summer school. 
The summer school aims to strengthen the students' confidence and their 
ability in mathematics by refreshing their basic mathematical skills and 
encouraging and developing their understanding of mathematics. While the 
role of the tutor may be crucial in resolving uncertainties and 
misunderstandings, the teaching materials will undoubtedly have an influence 
on the learning outcomes. I t is the influence of the computer based 
presentation material which is the focus of this study. 
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3.2.1 Ethos 
The ethos of the (FPT) programme is described in the course brochure 
(University of Plymouth 2005). The University places emphasis on individual 
potential. This is reflected in the assessment model of the FPT course. The 
course is assessed on a continuous basis, without any formal end of year 
examination. Assessment is by regular assignments and in-class tests 
throughout the year and students are encouraged to monitor their own 
progress. The emphasis of the course is on understanding mathematical and 
scientific principles applied to the real world to provide a sound basis for 
further study. This means that tests and assignments are intended to assess 
problem-solving skills rather then the ability to memorise large amounts of 
information. 
The two-week summer school is intended to revive and consolidate basic 
mathematical skills immediately prior to the start of the one-year (FPT) 
programme. Students' attainment in mathematics prior to joining the course is 
likely to be grade C GSCE or below, although some may have a higher 
qualification. Some may not have been engaged in formal education for a 
period of t ime. The intention is to create an environment where students feel 
sufficiently confident to declare any uncertainties or lack of understanding. 
Resolution of uncertainties builds confidence and building confidence is an aim 
of the summer school. 
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3.2.2 Course content, teaching methods and assessment 
The topics covered in the two-week summer school are listed in Table 3 . 1 . 
Topics covered on summer school 
Fractions 
Negative numbers 
Linear equations 
Expanding brackets 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Table 3 . 1 : Topics covered on summer school 
Cockcroft (1982, p71) Identified six elements considered necessary for 
successful teaching of mathematics to all ages, exposition, discussion, 
consolidation, problem solving, practical work and investigational work. The 
teaching method employed on the summer school was essentially tradit ional; 
exposition with questions and discussion followed by practice with individual 
support. The brevity of the summer school excluded practical and 
investigational work. While Cockcroft (1982, p71) considered these elements 
necessary, the report was made in the context of the entire mathematics 
curriculum for secondary education. The emphasis in the summer school was 
on the development and/or consolidation of skills and confidence in the topic 
areas listed in Table 3 .1 . 
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A booklet of course notes and exercises, with solutions, was provided in 
advance of the course and students were encouraged to work through the 
booklet ahead of the tutor if they could. 
For exposition, extensive, but not exclusive, use was made of computer-based 
material projected onto a screen. The topics for which computer-based 
materials were used are shown in Appendix H. A conventional whiteboard was 
also used. 
Assessment on the course consisted of seven topic tests and a final test 
covering all topics. Topic tests on Fractions, Solving equations. Transposition 
of formulae. Indices, Graphs, Equation of a line and Trigonometry were held at 
the start of the day following completion of the topic, and took approximately 
15 minutes. Topic tests were marked and returned to students on the same 
day as the test. The tutor discussed and corrected incorrect answers with 
individuals. 
The f inal, overall test was scheduled for the last day of the summer school and 
an hour was allowed for this. Four students opted to take the final test at the 
start of the second week of the summer school. The test paper for these four 
students was equivalent but not identical to the test paper taken by the 
remainder of the students on the final day. The four students who took the 
test early had their results the following day. The remainder of the students, 
who took the test on the final day, had their results on the same day as the 
test. Students whose acceptance onto the FPT programme depended on their 
performance on the summer school were expected to score a mean of at least 
4 0 % between the topic tests and the final test. 
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3.3 The computer-based presentation materials 
Some of the presentation material comprises fixed examples which can be 
advanced or retraced in steps. Other material provides a higher degree of 
interactivity and allows parameters to be changed by the user. All electronic 
materials used on the course were provided on a compact disk (CD) for each 
student and access to a computer lab was available during the summer school. 
A potential benefit of the interactive materials is that when students revise in 
their own t ime they are not limited to particular examples covered in the 
lesson. They can replicate examples presented in class and they can also 
experiment by using different values of parameters. 
3.3 .1 A basic presentation 
Revision of rules for order of precedence of ari thmetic operations 
This is a straightforward, brief presentation showing an example of application 
of the rules. Figures 3.2 (a) to 3.2 (d) show the line-by-line progression of the 
presentation, which is intended as a reminder of the rules. By asking the 
group to calculate, mentally, 2 + 3 x 4 , an indication can be gained of 
awareness of the rules. The presentation may then be sufficient to consolidate 
or remind students of the rules. I t is constructive to ask students to anticipate 
the next line before it is shown. 
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( 4 + 1 ) X 2 - 20 vf7 - 3) + 4 x 3 - B 
Figure 3.2 (a) Initial screen 
(4 + 1) X 2 
5 x 2 
- 2 0 +C7 -
- 2 0 ^ 4 
3) + 4 X 3 
+ 4 x 3 
- B 
- S 
Figure 3.2 (b): 2"" screen - Brackets first 
(4 + 1) X Z - 20 +C7 -
5 X 2 - 20 ^ 4 
1 0 - 5 
3) + 4 x 3 - 8 
+ 4 x 3 - 8 
+ 12 - 8 
Fiqgre 3.2 fc^: 3"' screen - Multiplication and division 
(4 + 1) X 2 - 20 +(7 - 3) + 4 X 3 - 8 
5 x 2 - 2 0 - ? - 4 + 4 x 3 - 8 
1 0 - 5 + 12 - B 
Order: 
{ ] brackets First 
+ X then divi^on & multiplication 
+ ' then iddi ton & sutttraction 
141-<l 
= 9 
ExftJ 
Figure 3.2 fd): final screen - add and subtract 
Figure 3.2: Order of precedence of operations 
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3.3.2 I l lustrated presentations 
Introducing the concept of balance to solve linear equations 
In Chapter 1 a description was given of how students are asked to solve the 
simple equation, .v + 2 = 7 and to explain their method. The scales are used to 
illustrate a process that can then be used to solve progressively more 
complicated equations, 2-V + 3 - 1 ] and .v-2 = 6 . These are fixed examples: to 
illustrate solutions of different equations would require the creation of new 
material. The purpose of the presentation is to illustrate a concept and a 
logical process. The potential benefit of the electronic slide show is in the 
graphic illustration of the concept of balance. I t is anticipated that students 
will then be able to apply the principle to solve other similar equations. At this 
point students can be aslced to solve similar equations using paper and pencil. 
Logical solution of linear equations: fixed examples 
Figure 3.3 shows an example of the presentation material used in the next 
stage of solving linear equations. The same concept of balance is used but the 
picture of scales is replaced by textual annotations on the right hand side of 
the screen. The solution of the equation 5-T-8^3.r + 4 is il lustrated. 
Figure 3.3 (a) shows the initial screen and Figures 3.3 (b) to 3.3 (j) show the 
successive screens. 
A potential benefit of the electronic presentation is the ease with which the 
presenter can adjust the pace, repeat any step or repeat all of the 
presentation in response to the reaction of the group. The example and the 
method are f ixed, which can be seen as a benefit or as a l imitation. It may be 
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seen as a benefit if it is considered best to introduce a specific, algorithmic 
method: e.g. always start with the Jr - terms. It may, however, be seen as a 
limitation that the presentation material shows only one possible procedure. 
An alternative procedure, starting by adding 8 to both sides of the equation, 
would be just as effective in solving the equation. It is conceivable that an 
audience may subconsciously assume that the procedure presented is a 
preferred procedure, or indeed the only procedure. In using any teaching aid 
the teacher must be aware of its strengths and limitations and use it 
accordingly. In the summer school the teacher asked the class for an 
alternative procedure and, with the final slide (Figure 3.3 (j)) still on display, 
used a separate conventional white board to work through it with input from 
the class. 
Salve for x. 
5x - 8 = ?A^4 
Fiaure 3.3 (a l Initial screen 
5x - 8 - 3.rf 4 Til l " i ' l i s'lilt-; 
Fiaure 3.3 (b): decide what to do 
5.r - 8 - 3.r^4 • l>(Tai-( ' i ir.iiTi hiirli fl..ler 
Fiaure 3.3 (c): amend both sides of eauation 
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5J: - 8 - ' 
2 v - 8 
•' = 3.VH-4 -3 . r 
= 4 
MilitniL'l ^1 frmri liiifli Kidet^  
simplify 
Fiqgre 3.3 (d): simplify 
5A--8 = 3J(^4-.*.V 
-a 
Zr - 8 = 4 
f l i l i l ruk ' l ^ ) I'ririii l i i t l l i HIIIL-A 
siinpti^ 
• M :-; 1.. h: (!i . : i , ! , - ; 
Figure 3.3 (e): decide what to do next 
5x-S-' - 3xf4 -... 
2JC-8 - s = 4 -X 
; - l l i H L . l i I - 1 LI ."in i i i ' l i l - i J O ! 
simpUfy 
Figure 3.3 ff): amend both sides of equation 
5x-S-'> 
2 r - 8 
2v -
= 3xf4-3.v 
- 4 8 
- 12 
•.-iilirract •»» lioMi \\vh niday 
simplify 
-i 1.. )H>I|> Fi i ley 
simplify 
Figure 3.3 fQ): simplify 
5J: - 8 V = 3 r f 4 -.Iv 
2;c-8 s = 4 X 
2x = 12 
Figure 3.3 fh): decide what to do next 
63 
5x-S 
Zx-S ^ = 
Zx _ 
= 3.rf4 -.^' 
4 K 
- 12 
- ! J ! ' ! : . I _ - I ' . 1 ! ( • (IJ ' 1 I ' l l - ! • ! • • > 
simplify 
ailil H k' tH>tti siJe> 
gimpiify 
1 I . I 
Figure 3.3 (i): amend both sides of equation 
Eiampk 1 
5A- - 8 = 3 r f 4 -Xv 
2 x - 8 H= 4 - S 
2x _ 12 
1 - > 
je = 6 
• • • 1 
nililirfLl >A IJom K'lli s-iJes 
simplify 
l l ' • !•• I l l ' l l l w d f S 
dinplify 
divi t l f UiLii Hiiltiii b ) Z 
simplify 
Figure 3.3 f i l : final screen 
Figure 3.3: Solution of an eouation 
3.3.3 An interactive presentation 
Solution of linear equations 
This software allows the user to specify a linear equation to be solved. 
Alternatively, the software can generate an equation. Figures 3.4 (a) to 3.4 (f) 
show a possible sequence of events. The equation 5 x - 8 - 3 x + 4 has been 
selected by the user. The user then has to specify an operation and operand 
and enter them via the computer keyboard. When the user clicks on the 'GO' 
button the operation is performed on both sides of the equation. The equation 
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will always balance, but the user must specify appropriate operations in order 
to find the solution to the equation. 
Equations generated by the computer have integer solutions and make use of 
pseudo random number generation to provide a virtually inexhaustible supply 
of exercises. Two levels of computer-generated equation are available, one 
where only one side of the equation contains a variable, and one where the 
variable occurs on both sides of the equation. 
This software can be used to make similar types of presentation to those made 
using a conventional white board. Whiie the fixed layout may not be what 
every presenter would choose, there are potential benefits in the ease with 
which examples can be displayed and in the consistency and ciarity of the 
display. There Is an absence of delays between examples while the board is 
cleaned, when students' attention can be diverted. A teacher-centred or 
student-centred approach can be employed. The pedagogy is dependent on 
the teacher. 
A potential benefit to students using the software by themselves is that 
feedback is given and solutions can be obtained by clicking on the 'Show how' 
button, which will then indicate the next step by automatically entering an 
appropriate operation and operand and prompting the user to click on the 'Go' 
button. The user can use the 'Show how' button repeatedly until the equation 
is solved. 
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fE 
5x - e 3x + 4 
on botfi ?iMs DfifB egLdkHi 
GO u 
Siaiogmp 
J j Ea: 
Figure 3.4 fa): An equation to be solved 
5x - 8 = 3x + 4 
Ertsr on opamiVi (• OD peFfomM 
gn bMh s des l i (he eouaBen 
|+8j GO 1 
StaFIagar | 
Nw iB« m i * ! 1 OHTpraTifcl Slii»»rwf.| | Cm 
Figure 3.4 fb): User enters "+8" 
5x- 8 
+ 8 
5x 
' "Quo 
• 'Os iwns tao r 
' ' EwT f i i es iwn i ' a i one«de 
" 'Emp les iMhVan lHAsdes NWBLamDte | 
3x+ A 
+ 8 
3x + 12 
Enfef ffli operm an to be cMtcTfrKfj 
oil tirth stJsE i j | [he wi t f t iw 
I ILiU 
SUVld^Ei 1 
OrA gx^nriQ | ^ujv "HT^ | | F^ qr | 
Figure 3.4 fc): User clicks 'GO' Button 
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5x- 8 3x+ 4 
+ 8 + 8 
5X = 3X + 12 
t t t t ran cpcoMD ta t n pedmnea 
m bah sdat K t i a w i iakn 
| -0X GO 1 
( - a r t 1 
' 'E iD i iWnMl iY w i n u i M i r 
CEi i f rn iMxnhvcnbov isdn Nn-coin iM | (>Miei^KV« | ^ r jn< inn| | EKI' 
Figure 3.4 fd): User enters "-3x' 
5X 
-3x 
2X 
i -O i i i 
'"EnanDlesMit-.y ^nweaae 
r*ali9anfM \ 
3x+ 12 
-3x 
12 
Enter 71 oceraDA la be pei t imi^ 
on botfi tidflb of Ow bvidior' 
| / ^ GO 1 
SWagsr, | 
Orvia^r id^ 1 Sliwhipn | | PpjE ' 
Figure 3.4 fe): User dicks 'GO' Button and then enters '72' 
2x 
/ 2 
X = 
Solved: x = 
• " Q n 
* Dcanmilnttin 
^Eiiani l^&Mniy wsneodB ' 
f E isn iMKnn v on tnffi S D K | hton s u n v s 
6 
12 
/ 2 
6 
BflST on opofAon to tK nirfonnM 
wi boh VOBS ci Qie »gu^ VI 
1 ! r ^ 
5Bfla»ii^ 1 
fWinamtily [ Shc^lxrnj | ' . • 
Figure 3.4 (f): equation is solved 
Fiqgre 3.4: Interactive solution of an equation 
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A confusion which can sometimes arise with beginners to algebra, especially 
with dyslexic students, is the relationship between the coefficient and the 
variable. Given the equation to solve, 2x = 12, there is a possibility that they 
will subtract 2 from the right hand side, remove the "2' from the left hand side 
and conclude that jf = 10. A potential benefit to such students is that the 
software will perform the precise operation specified by the user, to both sides 
of the equation. Figures 3,5 (a) and (b) show how the software will allow the 
specified operation to be performed. The student then has to decide on the 
next operation, which could be to reverse the previous operation by adding 2. 
If the student is unable to proceed at any stage, they can use the 'Show how' 
button. 
2x = 12 
Emr an eceraVOT t o t x pHtumiM 
an ban 9 d « 0! Via equBtJofi 
1-2. GO I 
Figure 3.5 f a l : User enters " - 2 " and dicks 'GO' button 
2x 
2X 
-2 
- 2 = 
12 
-2 
10 
Figure 3.5 (b): Equation amended as specified by user 
Figure 3.5: Interactive solution of an equation - response to input 
The presentation material used in this study is listed in Appendix H. 
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3.4 Data collection 
3 .4 .1 Rationale 
The purpose of this research is to discover how technology can be used in the 
classroom to facilitate constructive alignment. The achievement, or not, of 
constructive alignment is not absolute: its extent can be qualified. The 
expected outcome of constructive alignment is that students will engage with 
the subject using the higher levels of Biggs' (2003, p48, 57) SOLO taxonomy 
shown in Table 3.2 below. SOLO is an acronym for Structure of Observed 
Learning Outcomes. The extent to which students engage with the subject, 
therefore, should indicate the extent of constructive alignment. 
^SOLO' Level 
Extended abstract 
Relational 
Multistructural 
Unistructural 
Prestructural 
Indicative activity 
Theorise; Generalise; Hypothesise; Reflect 
Compare/contrast; Explain causes; Analyse; Relate; Apply 
Enumerate; Describe; List; Combine; Do algorithms 
Identify; Do simple procedure 
Misses the point 
Table 3.2: Structure of the Observed Learning Outcomes (SOLO) (adapted 
from Biggs 2003, p48) 
As the levels of the taxonomy are descriptive, any numerical measurement or 
computation of level would be inappropriate. Therefore, qualitative rather than 
quantitative methods are appropriate for assessing the extent to which 
students engage with the subject. Analyses of the data will at tempt to identify 
how the uses of computer-based presentation material assisted or inhibited 
the engagement of students in the study of mathematics. 
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3.4.2 Methods 
Data have been collected through questionnaires, interviews, enrolment forms 
and test results. 
Details of the data collection methods and procedures had been submitted to 
and approved by the Faculty of Technology Ethics Committee. The submission 
to the committee is shown in Appendix A. 
At the start of the summer school all 15 students enrolled on the course were 
invited to take part in the study. The purpose of the study was outlined 
verbally and in accordance with the Ethical Procedure (Appendix A) written 
invitations to participate (Appendix B) were given out along with the initial 
questionnaire, Feelings about mathematics (Appendix D). 
These documents were issued on the first morning of the course and students 
were asked to sign and return a copy of the invitation by the end of the day, if 
they were willing to participate in the study. By the end of the day, twelve 
students had completed and returned signed consent forms, agreeing to 
participate. 
3.4 .2 .1 Ini t ia l survey and enrolment data 
The focus of this study concerned compatibility between students and learning 
material. I t was therefore necessary to obtain profiles of the students. The 
initial survey was used to assess students' perceptions of mathematics and 
motivation. The questionnaire is shown in Appendix D. From these 
questionnaires and enrolment data a brief profile of each student has been 
created. 
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3.4.2.2 In te rv iews 
During the last four days of the summer school interviews were conducted. 
The purpose of the interviews was to assess students' reactions to the 
computer-based presentation material which was used on the summer school, 
and to identify any characteristics of their use that made significant 
impressions on students. 
Interviews can be structured formally or informally. A continuum of structures 
4roffl-^^dosed^uafltit-atHve^4e^%vfoFmal-eonvefsatk)naHHs-^esertbed-by-€ohe^— 
et al (2001, p271). In a closed quantitative interview, the questions are 
predetermined and the respondents choose from a selection of predetermined 
responses. At the other end of the continuum, there is no predetermination of 
questions or topics in an informal conversational interview. 
Because of the elusive nature of the information being sought, a closed 
quantitative interview structure, with scripted questions and a defined 
selection of possible responses, was not appropriate. The purpose of the 
interviews was to ascertain the effect(s) of the use of technology. The topic 
areas of the course provide a suitable framework on which to base the 
interview questions. 
One aim of the course is to encourage students to communicate any lack of 
understanding, so that it can be resolved and thus build the students' 
confidence. I t is the role of the teacher to establish a working relationship with 
students in which there is mutual trust and in which students feel able to 
confide any difficulties. I f this is achieved then loyalty to the teacher might 
inhibit students in providing feedback, verbal or wri t ten, which could be 
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construed by a third party as criticism of the teacher or the teacher's methods. 
In an Interview tone, body language and timing can reveal whether there is 
more information to be uncovered behind a simple 'Yes' or 'No' reply (Cohen 
etal. 2001, p282; Silverman 2002, p l61-164) . I f the student considered 
some aspect to be pleasing, then follow-up questions attempted to identify 
specific benefits that made it pleasing. Similarly, follow-up questions to a 
negative response attempted to identify specific factors which made 
something displeasing for that respondent. Keats (Keats 2000, p4) describes 
this as probing. 
To remind students of the materials that had been used, a prompt sheet was 
used. This consisted of paper prints of the computer-based presentation 
material that had been projected in the classroom. The prompt sheet is shown 
in Appendix F. 
3.4.2.3 Concluding survey 
At the end of the course a survey was conducted to assess the extent to which 
constructive alignment had been achieved and what role technology had 
played in assisting or impeding constructive alignment. The questionnaire is 
shown in Appendix E. 
The design of the questionnaire has attempted to give opportunities and 
encouragement to the respondents to write freely and provide information 
about what they think. Even if they do not answer the question, they can 
provide useful information. Most of the questions include a list of topics to be 
ticked if appropriate followed by a space for voluntary additional comment. 
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The space provided for comments is not bounded or outlined, which might 
imply an expected maximum or minimum length of response. 
Questions 4 and 8 appear very similar. Question 4 asks, was there any topic 
where the presentation was particularly helpful to understanding? Question 8 
asks, were there any topics or sessions which were particularly effective for 
you? The reason for this is to allow for different associations which students 
may perceive. It is possible that some students may associate an experience 
with a t ime, e.g. the session on Monday, while others may associate an 
experience with an event, e.g. the presentation on fractions. The purpose of 
the questionnaire is to elicit descriptions of experiences. 
3.4 .2 .4 Test scores 
Instrumental teaching can provide students with sufficient procedural skills to 
enable them to pass conventional written skill-based examinations. Test 
scores, therefore, are not a reliable indicator of deep learning. While deep 
learning might or might not improve procedural skills, it is not expected to 
affect them adversely. I f deep learning has any effect on test scores, then it is 
expected to be a positive effect. 
3.5 Chapter Summary 
This study focuses on the use of electronic presentation material and how it 
affects constructive alignment. 
Constructive alignment is concerned with compatibility between the student, 
the teacher, and the electronic presentation material. 
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A description has been given of the material and how it was used by the 
teacher in this case study. I t is not expected that presentation materials can 
replace the teacher or that every teacher who might use them would use them 
in the same way. 
An initial survey and biographical data were used to acquire profiles of the 
students. A course feedbacl< questionnaire and interviews were used to assess 
the compatibility between the students, the teacher and the electronic 
presentation material. 
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Chapter 4: Data 
4 .1 Introduction 
This study is intended to investigate the question; how can technology be used 
in the mathematics classroom to facilitate constructive alignment? 
The concept of constructive alignment requires that the characteristics of 
students should be taken into account: characteristics of the student, the 
teacher and the learning environment should work in harmony. The study, 
therefore, is not intended to identify effects of particular practice or particular 
use of electronic resources that can be generalised for a large population of 
students. Neither can this study provide answers to satisfy a wide range of 
learning situations. 
I t is intended to assess the influence of the use of computer-based resources 
with a particular group of students. The findings may be applicable to similar 
students in similar situations. 
The chapter presents all the data collected for the study. 
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4.2 Biographical data 
Details of age and qualifications of the group are shown in Table 4 . 1 . These 
data come from the course enrolment forms, and contribute to students' 
profiles. 
I D 
1 
2 
*3 
4 
5 
6 
7 
*8 
*9 
10 
11 
12 
*13 
*14 
15 
Dob 
1957 
1975 
1968 
1967 
1977 
1981 
1980 
1979 
1984 
1981 
1961 
1980 
1982 
1987 
1986 
Age 
48 
30 
37 
38 
28 
24 
25 
26 
21 
24 
44 
25 
23 
18 
19 
Tab 
Highest relevant 
qualifications 
disclosed 
Physics ' 0 ' Level B 
Maths GCSE B 
Maths CSE 3 
Maths '0" Level B 
Maths GCSE B 
Maths GCSE C 
Maths GCSE C 
None disclosed 
GNVQ level F 
Science GCSE C 
Maths GCSE C; 
HNC (Engineering) 
GCSE 
Maths GCSE D 
None disclosed 
Psychology AS Level 
ICT AVCE B 
Qualification 
date 
1973 
2001 
1984 
1983 
1994 
1998 
1996 
1998 
1978 
1998 
1998 
2005 
e 4 . 1 : Biographical data 
Notes: * Indicates students who depended on passing the summer school 
to gain entry to the Foundation Pathways in Technology (FPT) 
Programme. 
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4.3 Data from initial survey 
Twelve students consented to completion of the questionnaire (Appendix D). 
Their responses to the eleven questions are shown in Tables 4.2 and 4.3. 
The data from this survey was used to construct profiles of the students. 
Questions 1 to 4 of the questionnaire ask for information about students' 
experiences of mathematics. Questions 5 to 9 ask for information on their 
feelings about mathematics. Question 10 asks for indication of which 
university school students intend to enter. Responses to questions 1 to 10 are 
shown in Table 4.2. 
Questions 11 asks what students expect to gain from the summer school. The 
writ ten responses of the students are shown in Table 4.3. 
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Previous exper iences 
Q1 
Q2 
Q3 
Q4 
Position in class 
Enjoyed 
Liked solving 
problems 
Liked specific 
questions 
Feelings about mathema 
Q5 
Q6 
Q7 
Q8 
Q9 
Don't need to 
understand 
Need a good 
memory 
Need a good 
teacher 
Experience which 
made you like 
Experience which 
made you dislike 
Intended progression 
Q10 Which university 
school? 
of mathemat ics 
ID number 
Top 
Middle 
Bottom 
Mostly 
Sometimes 
Rarely 
Usually 
Didn't mind 
Not usually 
Usually 
Didn't mind 
Not usually 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
3 
1 
1 
1 
1 
4 
1 
1 
1 
1 
5 
1 
1 
1 
1 
6 
1 
1 
1 
1 
7 
1 
1 
1 
1 
8 
1 
1 
1 
1 
9 
1 
1 
1 
1 
10 
1 
1 
1 
1 
11 
1 
1 
1 
1 
12 
1 
1 
1 
1 
tics 
ID number 
Agree 
Not sure 
Disagree 
Agree 
Not sure 
Disagree 
Agree 
Not sure 
Disagree 
Yes 
No 
Yes 
No 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
6 
1 
1 
1 
1 
1 
7 
1 
1 
1 
1 
1 
8 
1 
1 
1 
1 
1 
9 
1 
1 
1 
1 
1 
10 
1 
1 
1 
1 
1 
11 
1 
1 
1 
1 
1 
12 
1 
1 
1 
1 
1 
ID number 
Computing 
Maths & stats 
Engineering 
Don't know 
1 
1 
2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 
1 
Table 4.2: Student profiles 
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Question 11 asks, "What do you expect to gain from this summer school?" 
Responses are shown in Table 4.3. Null responses are not shown. 
ID 
1 
2 
3 
4 
5 
6 
7 
8 
11 
Answer to question 11 
1 feel a bit rusty about maths, having not studied it for a long time. 1 hope this will 
give me more confidence. 
Refresh my knowledge and maybe learn a bit more. 
Main objective - entry into foundation year. Also a much better understanding for 
mathematics & to overcome previous fears of tackling equations. 
To brush up on my basic maths and get my brain into gear for the foundation 
Pathways. Also to get used to the daily routine. 
A build up to the foundation year. 
To leave the course refreshed to a standard that 1 can continue onto the Foundation 
Course 
Brush up maths skills. 
A place on the course and experience of what the course will be like. 
Brush up on principles 
Table 4.3: Responses to question 11 
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4.4 Data from feedback questionnaire 
The purpose of this end-of-summer-school questionnaire (Appendix E) was to 
gather evidence of constructive alignment and of the influence of the use of 
computer-based presentation material. 
The 19 questions were intended to provide opportunities for students to 
describe their reactions to the summer school. Some questions asked 
specifically about the use of computer-based presentation material. Other 
questions asked about aspects of the course that might have been affected by 
the use of computer-based presentation material. I t was anticipated that 
respondents would not respond in full to every question. 
Questions 1 to 4 were about the level of difficulty of the summer school. 
Questions 5 to 6 were about the content of the summer school. 
Questions 7 to 14 were about the delivery methods used on the summer 
school. 
Questions 15 to 18 were about the assessment methods used on the summer 
school. 
Question 19 asked what benefits had been gained from the summer school. 
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Question 1 : This question asks, "Was there any topic or part of the course 
which you found particularly difficult?" 
The responses are shown in Table 4.4. Respondent identifications, ID 1 to 15, 
are shown on the top row. The second row shows that 6 respondents (IDs 5, 
6, 9, 13, 14 and 15) found Fractions particularly difficult. 
ID 
Fractions 
Negative numbers 
Expanding 
brackets 
Linear equations 
Equations from 
formulae 
Forming equations 
Rearranging 
formulae 
Indices 
Graphs 
Trigonometry 
1 
1 
1 
2 3 
1 
1 
4 5 
1 
1 
6 
1 
7 8 9 
1 
1 
1 
10 
1 
11 
1 
12 13 
1 
14 
1 
1 
1 
15 
1 
Count 
6 
1 
1 
1 
1 
3 
2 
6 
2 
0 
Table 4.4: Topics of particular difficulty 
The second part of the question asks, "What would have made it easier? How 
could you have been helped?" 
Responses are shown in Table 4.5. Respondent identifications are shown in the 
left had column. Null responses have been omitted. 
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ID 
11 
13 
14 
15 
I found it more difficult to recall information in these areas, but the tutor was 
helpful. 
Myself - more study + taking more time over reading questions & examples. 
- i 1 (x ' = —j=) More information relating to above question. 
vx 
Tutorials given very adequate. 
I am not sure. I've always had difficulty in extracting the information 
required from word type problems or modelling but I'm sure its down to lack 
of practice. 
I am increasingly coming across these types of problems at the moment 
and perhaps a little more time in this area would be useful. 
The amount of help available was excellent, and it was only the fact that it 
has been so long since I've done fractions that it was only a case of getting 
my brain in gear. 
More time to practice and maybe doing more examples through as a class? 
More questions in the book would have helped. Also more explanations in 
different contexts would have helped a great deal. I found the book 
contained a few mistakes which was very off putting and confusing. 
Table 4.5: What would have made it easier? 
Question 2: This question asks, "Was there anything that you think you could 
have understood better had it been presented differently?" 
Topics identified by respondents are shown in Table 4.6. Respondent 
identifications, ID 1 to 15, are shown on the top row. The second row shows 
that one respondent (ID 15) thought that Fractions could have been 
understood better had it been presented differently. 
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ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from 
formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 2 3 4 5 
1 
1 
6 7 8 9 10 
1 
11 12 13 14 15 
1 
Table 4.6: Topic identified in question 2 
The question also asks, "What differences would you have preferred?" 
Responses are shown in Table 4.7. Respondent identifications are shown in the 
left hand column. Null responses have been omitted. 
ID 
More info 
10 I found the trigonometry quite slow and would have preferred to learn about 
tan cos and sin together. 
11 All topics were explained and presented well and I was happy with the 
understanding of the topics. 
14 More examples done with the class as a whole as I found this topic a little 
difficult and going through it in more detail would have helped. Also the 
book had a few different types of formulas than those looked at on the 
board, which I found difficult because I was unsure of how to approach 
them. 
15 More examples and more ways of working them out. 
Table 4.7: Suggested improvements 
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Question 3: This question asks, "Were there any topics which you found 
easy?" For topics identified by the respondent, supplementary questions ask, 
"Had you done this before? For you, could the t ime spent on this have been 
reduced?" 
Responses are shown in Table 4.8. Respondent identifications, ID 1 to 15, are 
shown on the top row. The second row shows that three respondents (IDs 1, 2 
and 11) found the topic, Fractions, easy. 
Two respondents added additional comments. These are shown in Table 4.9. 
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l = y e s : topic foun 
ID 
Fractions 
Done before? 
Reduce time? 
Negative 
numbers 
Done before? 
Reduce time? 
Expanding 
brackets 
Done before? 
Reduce time? 
Linear equations 
Done before? 
Reduce time? 
Equations from 
formulae 
Done before? 
Reduce time? 
Forming 
equations 
Done before? 
Reduce time? 
Rearranging 
formulae 
Done before? 
Reduce time? 
Indices 
Done before? 
Reduce time? 
Graphs 
Done before? 
Reduce time? 
Trigonometry 
Done before? 
Reduce time? 
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Count 
3 
4 
2 
2 
6 
4 
5 
4 
5 
9 
Table 4.8: Topics found to be easy 
enjoy time being spent on subjects that I do understand as well as subjects I don't. 
10 The graphs I found to be very easy. 
Table 4.9: Comments relating to question 3 
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Note: Respondent 10 submitted his responses on a separately typed sheet, 
not on the standard form. 
Question 4: This question asks, "Was there any topic where the presentation 
was particularly helpful to understanding?" 
Responses are shown in Table 4.10. Respondent identifications, ID 1 to 15, 
are shown on the top row. The second row shows 5 respondents, (IDs 1, 3, 5, 
8 and 14) considered that the presentation of Fractions was particularly helpful 
to understanding. 
ID 
Fractions 
Negative 
numbers 
Expanding 
brackets 
Linear equations 
Equations from 
formulae 
Forming 
equations 
Rearranging 
formulae 
Indices 
Graphs 
Trigonometry 
1 
1 
1 
1 
1 
2 3 
1 
1 
1 
4 5 6 
1 
7 8 9 10 
1 
11 
1 
1 
1 
1 
1 
12 13 14 
1 
1 
1 
15 
1 
Count 
5 
5 
5 
5 
5 
4 
7 
4 
6 
5 
Table 4 . 1 0 : Topics where presentat ion was cons idered par t icu lar ly helpful 
A supplementary part to question 4 asks, "What aspect made it helpful?" 
Responses are shown in Table 4 .11 . The right hand columns show that five of 
the aspects can be categorised as relating to the tutor ; six can be categorised 
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as relating to resources; and three identified a particular characteristic. Null 
responses are not shown. 
ID 
1 
3 
5 
6 
8 
9 
10 
11 
13 
14 
...tutors demonstration on interactive board 
1 found the revision pack book very clear. Also the on screen 
projector was useful especially for trigonometry. 
Good communication with the tutor. 
The explanation on how to do it one step at a time 
with a teacher explaining and helping you, it makes things simpler. 
All the topics was [sic] explained properly and taught well. The topic 
Fractions 1 feel was rushed a bit but other wise the computer & the 
projector made it a lot easier to understand what the teacher was 
trying to explain. 
1 liked the kangaroo it really helped me get my head around 
negative multiplication. 
Work on the Graphics calculator was very useful. Perhaps a little 
more time explaining the functions would be appreciated as the 
T84 is used extensively on the pathways course. 
The use of IT was particularly helpful as it easily simplified each 
process. 1 fully understood negative numbers thanks to Mr 
Kangaroo! 
Using the board and the CDs on the computers helped to go 
through everything step by step which helped increase my 
confidence in the topics by giving an example then using interactive 
tests. 
Totals 
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Table 4 . 1 1 : Aspects which made presentations helpful 
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Question 5: This question asks, "Do you think any of the topic areas should 
have been omitted?" 
Responses are shown in Table 4.12. Graphs is the only topic selected by any 
respondent. 
ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 2 3 4 5 6 7 
1 
8 9 10 11 12 13 14 
1 
15 
Table 4.12: Topic which respondents think should have been omitted. 
A supplementary part to question 5 requests, " I f possible please indicate why 
you think the topic area(s) should have been omit ted." 
Responses are shown in Table 4.13 
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ID 
The very basic stuff on graphs was too easy for me. 
10 
14 
Content was great for the test. 
iVIainly because most people knew about graphs and what isn't 
known can be taught pretty quickly. 
Table 4.13: Reasons why topic should be omitted 
Question 6: This question asks, "Were there any topic areas, which were not 
included, which you think should have been included? 
If yes, please list any topics" 
Responses are shown in Table 4.14. Null responses are not shown. 
ID 
1 
13 
sin 6 and cos 0 to find triangles without right angles. Vectors 
Simultaneous equations. Surds 
More application to real life situations. 
Long Multiplication and Long Division. I myself do not have a problem with 
this but I have heard people within the group say that they cannot do either 
The course is structured very well and I think that if time allowed then it 
[would] have been good to go through simultaneous equations. 
Table 4.14: Topics which respondents consider should be included 
A supplementary part to question 6 requests, " I f possible, briefly indicate why 
you think they should have been included." 
Only one student responded. The response is shown in Table 4.15. 
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ID 
11 Logarithms (natural and base 10) and exponential functions to a greater 
depth would have been useful. I never really understood the process behind 
them at school and now find how increasingly important they are. 
Table 4.15:Reasons why topic(5) should have been included 
Question 7: This question asks, "Were there any topics or sessions which you 
consider could have been presented better? I f yes, please indicate which 
topic(s) in the Table below." 
Responses are shown in Table 4.16. The second row shows that four 
respondents (IDs 5, 6, 9 and 15) thought that Fractions could have been 
better presented. 
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ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 2 3 4 5 
1 
1 
6 
1 
7 8 9 
1 
10 
1 
11 12 13 14 
1 
1 
15 
1 
Count 
4 
0 
1 
0 
0 
1 
0 
2 
0 
0 
Table 4.16: Topics which could have been better presented 
A supplementary part to question 7 requests, " I f possible please indicate why." 
Responses are shown in Table 4.17. Null responses are not shown. 
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ID 
- i 1 
I still don't understand x ^ - —j= Fractions & roots could be better connected to 
indices. 
I think long multiplication and long division should be included or run adjacent to this 
module. As sometimes the numbers are large and the ability to solve it without a 
calculator increases your understanding. 
Like I said before [ I ] felt that fractions was slightly rushed. Using the projector & 
certain software to show us how fractions work, but was showing to[o] much at any 
given time. 
10 I found the indices lesson difficult. 
14 I think because it took me a while to get my head around what I had to do and what 
the question was asking me. Although I thought that it was presented ok but I felt 
that I just needed to practice them a bit more. 
15 More time should have been spent on fractions. Also more help should be given on 
the CD. More examples would help and also a few ways of getting an answer would 
help. 
Table 4.17: Reasons why presentation could have been better 
Question 8: This question asks, "Were there any topics or sessions which 
were particularly effective for you?" 
Responses are shown in Table 4.18. Respondent identifications, ID 1 to 15, 
are shown on the top row. The second row shows 4 respondents, (IDs 3, 9, 10 
and 13) considered the topic. Fractions to be particularly effective. 
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ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 
1 
2 
1 
3 
1 
1 
1 
1 
1 
4 5 
1 
1 
1 
1 
6 
1 
7 8 9 10 
1 
11 
1 
1 
1 
12 13 14 
1 
1 
1 
15 
1 
Count 
4 
2 
3 
3 
5 
3 
5 
3 
7 
5 
Table 4.18: Topics considered to be particularly effective 
A supplementary part to question 8 requests, " I f possible please indicate what 
made them particularly effective." 
Responses are shown in Table 4.19. Null responses are not shown. 
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ID 
1 trig well explained 
Because I haven't covered this since school 
I found these topic areas effective as by the end of the course I had a much better 
understanding 
The topics are presented in a way which relates to each other. 
Has been my most inconsistent area of maths. 
All topics were effective I took time at home to go through the CD, which explained 
any problems I had encountered easily and effectivly. 
10 The fractions lesson was very effective. 
11 The subjects ticked were areas that I have not touched since the HNC 
mathematics module and found these very useful on brushing up on my 
knowledge 
14 The way they were explained in both the book and its examples, and in the 
classroom. 
Table 4.19: Reasons why topics were considered particularly effective 
Question 9: This question asks, "Did you find the use of computer-based 
material for presentation by the teacher helpful?" For each of the ten topics 
respondents were asked to indicate 'Yes', 'No' or 'Don't know/not applicable'. 
Table 4.20 shows 'Yes' responses. Table 4.21 shows 'No' responses. Table 
4.22 shows 'Don't know/not applicable ' responses. 
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ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 
1 
1 
1 
1 
1 
1 
1 
2 3 
1 
1 
1 
1 
4 5 6 
1 
7 8 9 10 
Table 4.20: 'Yes' response to question 9 
ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 2 3 4 5 
1 
1 
1 
1 
1 
6 7 8 9 
Table 4 . 2 1 : 'No' response to question S 
ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 
1 
1 
1 
2 3 4 5 6 7 
1 
8 9 
10 
11 12 13 14 
1 
15 
1 
1 
1 
11 12 13 14 
1 
1 
1 
15 
1 
1 
1 
) 
10 11 12 13 
Table 4.22: 'Don't know/not applicable' response to question 9 
14 
1 
15 
1 
1 
1 
1 
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A supplement to question 9 requests, "Please add any comment which you 
think appropriate." 
Responses are shown in Table 4.23. Null responses are not shown. 
ID 
...don't think it would have made much/any difference. 
As I can see the benefits of the use of computer for demonstrating maths I would 
hate to see the blackboards disappear from the classroom as it adds to the 
atmosphere. I think a mixture of computer & blackboard for teaching would 
achieve best results. 
Computers are useful, but could be made more useful. 
Also the software on logs was very helpful. 
Presentation on trig could have included intro on rearranging the equation and 
remembering the SOHCAHTOA nemonic [sic]. Although having said this the test 
was only on Tan. 
It showed the correct step by step process to getting the answer. It was very 
clear which helped my understanding of each topic 
Very effective software, easy to use & understand & I think this should be used 
in other classes as well. 
10 For presentation the computer based material was good but a remote mouse 
may have been useful. 
13 Awesome, a great way to fully understand a topic. Good use of the kangaroo! 
Table 4.23: Helpfulness of computer-based presentation material 
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Question 10: This question asks, "Did you find computer based material used 
by you helpful?" 
For each of the ten topics respondents were asked to indicate 'Yes', 'No' or 
'Don't know/not applicable'. Responses are shown in Tables 4.24 to 4.26. 
Table 4.24 shows 'Yes' responses. Table 4.25 shows 'No' responses. Table 
4.26 shows 'Don't know/not applicable ' responses. 
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ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Tngonometry 
1 2 
1 
3 
1 
1 
1 
1 
1 
1 
1 
4 5 
1 
6 7 8 9 10 
Table 4.24: 'Yes' response to question 10 
ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 2 3 
1 
1 
4 5 6 7 8 9 
Table 4.25: 'No' response to question 1( 
ID 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
1 2 3 
1 
4 5 6 7 
1 
8 9 
10 
11 12 13 14 
1 
1 
1 
1 
1 
1 
15 
1 
1 
1 
11 12 13 14 15 
1 
1 
1 
) 
10 11 12 13 
Table 4.26: 'Don't know/not applicable' response to question 10 
14 
1 
1 
1 
1 
1 
15 
1 
1 
1 
1 
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A supplementary part to question 10 requests, "Please add any comment 
which you think appropriate." 
Responses are shown in Table 4.27. Null responses are not shown. 
ID 
Material was helpful but I lacked confidence at first. 
See previous question 
See over comment on trig 
8 
10 
I like the tests, because you can practise as much as you want. 
Computer based learning material did not help me very much. 
Table 4.27: Helpfulness of computer-based material used by respondent 
Question 1 1 : This question asks, "How much t ime did the teacher spend 
speaking/explaining?" 
Respondents are asked to select one of five descriptors, listed in the left hand 
column of Table 4.28, which collates the responses. 
ID 
Far too much 
A little too much 
About right 
Not enough 
Not nearly enough 
1 
1 
2 
1 
3 
1 
4 5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 11 
1 
12 13 
1 
14 
1 
15 
1 
Table 4.28: Time spent by teacher speaking/explaining 
A supplementary part to question 11 requests, "Please add comment if 
appropriate." 
Only one respondent added a comment, which is shown in Table 4.29 
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ID 10 [Teacher spent approx half lesson time speaking and explaining-
Table 4.29: Comment relating to question 11 
Question 12: This question asks, "How much time did you have to reflect on 
the subject and practice by doing examples and exercises?" 
Respondents are asked to select one of five descriptors, listed in the left hand 
column of Table 4.30, which collates the responses. 
Far too much 
A little too much 
About right 
Not enough 
Not nearly enough 
1 
1 
2 
1 
3 
1 
4 5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 11 
1 
12 13 
1 
Table 4.30: Amount of t ime for students to work by themselves 
14 
1 
15 
1 
A supplementary part to question 12 requests, "Please add comment if 
appropriate." 
Only one respondent added a comment, which is shown in Table 4.31 
ID 10 About half lesson time spent completing exercises. 
Table 4 .31 : Comment relating to question 12 
Question 13: This question asks, "How was the balance between 
presentation/talk by the teacher and time to do examples and exercises?" 
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Respondents are asked to select one of three descriptors, listed in the left 
hand column of Table 4.32, which collates the responses. 
Too much teacher presentation 
About right 
Too much time on exercises. 
1 
1 
2 
1 
3 
1 
4 5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 11 
1 
12 13 
1 
14 
1 
15 
1 
Table 4.32: Balance between teacher talking and students working 
A supplementary part to question 13 requests, "Please add comment if 
appropriate." 
Only one respondent added a comment, which is shown in Table 4.33 
ID 13 Tutor was very good at explaining problems and always had time for people 
struggling 
Table 4.33: Comment relating to question 13 
Question 14: This question asks, "How much individual support did you get?" 
Respondents are asked to select one of three descriptors, listed in the left 
hand column of Table 4.34, which collates the responses. 
Too much 
About right 
Not enough. 
1 
1 
2 
1 
3 
1 
4 5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 11 
1 
12 13 
1 
14 
1 
15 
1 
Table 4.34: Amount of individual support 
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A supplementary part to question 14 requests, "Please add comment if 
appropriate." 
Responses are shown in Table 4.35. 
ID 
14 Individual support was excellent with the teacher taking a pro-active role and asking 
each student regularly if they needed any help. 
15 I think this was very helpful 
Table 4.35: Comments relating to question 14 
Question 15: This question asks, "Did the assessment reflect the content of 
the course? Please tick 'Yes' or 'No'. " 
Responses are shown in Table 4.36. 
ID 
Yes 
No 
1 2 
1 
3 
1 
4 5 6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 13 
1 
14 
1 
15 
Table 4.36: Did the assessment reflect the content of the course? 
Question 16: This question asks, "Did the assessment reflect the level of the 
course? Please tick 'Yes' or 'No'." 
Responses are shown in Table 4.37. 
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Yes 
No 
1 2 
1 
3 
1 
4 5 6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 13 
1 
14 
1 
15 
Table 4.37: Did the assessment reflect the level of the course? 
Question 17: This question asks, "Do you think that the type of assessments 
were appropriate? Please tick 'Yes' or 'No' ." 
Responses are shown in Table 4.38. 
Yes 
No 
1 2 
1 
3 
1 
4 5 6 
1 
7 
1 
8 
1 
9 
1 
10 11 
1 
12 13 
1 
14 
1 
15 
Table 4.38: Is the type of assessment appropriate? 
Question 18: This question asks, "Please indicate any aspect of the 
assessment which you think could be improved or which you think was not 
entirely appropriate." 
Two students responded. The responses are shown in Table 4.39. 
ID 11 The ongoing assessments were a very good indicator on weak areas and 
highlighted areas of concern. 
IDS I think some people slowed me and other people down. We wanted to go on 
to new things, but we had to wait for others. I am not being selfish, but I 
wanted to learn and excel more than I was allowed. 
Table 4.39: Aspects of assessment 
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Question 19: This question asks, "What benefit do you think you have gained 
from this course?" Responses are shown in Table 4.40. Null responses are not 
shown. 
ID 
It gave me a chance to update my study skills & gave me confidence to begin the 
foundation course. 
Brushing up on some old skills and adding confidence, (very useful) 
My confidence levels of tackling mathematical problems has risen 100%. The 
benefits will become clear as I progress to the foundation year. 
I have revised what I learned at G.C.S.E. and built on it. 
The course has given me a great confidence boost for the level of maths to start 
the foundation year. It has also made me realise what a friendly place the 
University is. 
When I started I thought my maths was poor, but now I know I was just out of 
practice. 
Exercised my brain, so that I am ready for the foundation year. 
(Q18. I think some people slowed me and other people down. We wanted to go on 
to new things, but we had to wait for others. I am not being selfish, but I wanted to 
learn and excel more than I was allowed.) 
My mathematics skills have been reborn & touched up. I have a good 
understanding with most of the topics we covered. & feel comfortable in a 
mathematics situation. 
10 The course helped ready me for Lectures and Uni life. It made the start of the 
foundation year a lot gentler and I would recommend it to all mature students 
regardless of their previous achievments. 
11 It has help me a great deal over the first month of the pathways course and I think 
that reflects on comments from other students who say that they wished they had 
attended and feel that we've had a head start on the maths module. I just wish 
there had been a summer school for computers! 
13 The maths summer school is an awesome course to do prior to the Foundation 
Pathway. Being a mature student it has been good to get my brain back in gear. 
14 Lots more confidence with maths. Before I came on to the course I truly believed 
couldn't do maths at all but Im amazed at how much I seem to have taken in in 
such a short space of time. It has changed my attitude to maths completely. 
15 I think I have gained a higher understanding of maths which I greatly need. 
Table 4.40: Benefits from course 
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4.5 Scores for tests 
Table 4.41 shows the final scores for students on the sunnnner school. 
ID 
1 
2 
*3 
4 
5 
6 
7 
*8 
*9 
10 
11 
12 
*13 
*14 
15 
Aggregate of topic 
tests (%) 
83.6 
90.2 
91.7 
94.3 
69.0 
95.2 
58.1 
96.0 
65.2 
83.6 
80.7 
10.2 
77.9 
47.4 
46.7 
End-of-summer-
school test (%) 
100.0 
92.5 
100.0 
Note1 
Notel 
100.0 
77.5 
92.5 
92.5 
100.0 
97.5 
Note 2 
100.0 
67.5 
47.5 
Overall score 
(mean) 
92% 
91% 
96% 
98% 
68% 
94% 
79% 
92% 
89% 
89% 
57% 
47% 
Table 4 . 4 1 : Final scores 
Notes: * Students who depended on passing the summer school to 
gain entry to the Foundation Pathways in Technology (FPT) 
Programme. 
I Personal circumstances prevented attendance. Unconditional 
place offered on FPT Programme. 
2. Left summer school on 3'"'' day for personal reasons. 
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4.6 Ini t ia l appraisal of data 
From an initial reading of the data the students on the summer school appear 
to have had quite different backgrounds. Figure 4.1 shows the age profile of 
the group with a range from 18 to 48 and a median age of 25. 
15 20 25 30 35 40 45 50 
Figure 4 . 1 : Age profile of students on summer school 
The qualification profile, shown in Figure 4.2, is similarly diverse; 7 students 
have disclosed no formal qualification in mathematics; 6 students have a 
grade C GCSE or better. 
B 
c 
o 
T3 
3 
None 
disclosed 
CSE3 GCSED GCSEC GCSEB 'C level B 
Figure 4 .2 : Mathematics qualifications of students on summer school 
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The initial survey indicates a consensus in the belief that success in 
mathematics is dependent on having a good teacher and, with the possible 
exception of one respondent, seems to indicate that the group has had mainly 
positive experiences of mathematics at school. I t should be reiterated, 
however, that three of the 15 students declined to take part in the initial 
survey. I t is perhaps significant that two of these students (ID 14 and 15) are 
the youngest in the group and neither has disclosed any formal mathematics 
qualification. 
The feedback survey indicates a high level of satisfaction with the summer 
school. Benefits f rom the use of computer-based presentation materials have 
been acknowledged and no one has expressed disapproval of their use. 
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4.7 Comparison of expectation and achievement 
Question 11 of the initial survey asks what the student expected to achieve from the course. This is compared in Table 4.42 with 
responses to question 19 of the feedback questionnaire, which asks what has been gained from the course, and with responses given in 
interviews. 
Table 4.42: Comparison of expectation and achievement 
1 
start: What do you expect to 
gain from this summer 
school? 
1 feel a bit rusty about maths, 
having not studied it for a long 
time. 1 hope this will give me 
more confidence. 
Finish: What benefit do you thlnl< you have 
gained from this course? 
It gave me a chance to update my study skills & 
gave me confidence to begin the foundation course. 
Interview 
Transcript Is given in Appendix G 
(Lines 46 - 55): 
Tutor: Overall on the course what benefit, if any, do you 
think you've got from the two weeks? 
Student: I've certainly recalled... I've studied all this... It's 
just really...refreshed everything in my mind...I'm 
very confident, much more confident now... 
Tutor: You said on your initial survey you wanted to brush 
up on your maths. Did you feel you've done that? 
Student: Certainly yeh, definitely. 
Tutor: Do you feel more confident at maths than you did 
before? 
Student: Yeh 
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2 
3 
Start: What do you expect to 
gain from this summer 
school? 
Refresh my knowledge and 
maybe learn a bit more. 
Main obective - entry into 
foundation year. Also a much 
better understanding for 
mathematics & to overcome 
previous fears of tackling 
equations. 
Finish: What benefit do you think you have 
gained from this course? 
Brushing up on some old skills and adding 
confidence, (very useful) 
My confidence levels of tackling mathematical 
problems has risen 100%. The benefits will become 
clear as 1 progress to the foundation year. 
Interview 
Transcript is given in Appendix G 
(Lines 135-145): 
Tutor: You said on your initial questionnaire, what you 
expected to gain from the course was, "to refresh 
my knowledge and maybe learn a bit more?" Do 
you feel that you've actually managed to do that? 
Student: Yes, definitely. 1 think 1 would have sat the exam 
paper - before 1 did these two weeks - and 
probably got -1 don't know - 75% ish anyway, but 
I've come in and I've got 92% -1 mean a couple of 
mistakes 1 could have -1 should have got 100 but 
- It definitely refreshed me and it helped me bring 
back some of the skills that 1 have used before and 
1 have learnt a little bit more as well. We covered a 
bit on logarithms. It's accomplished what 1 hoped it 
would. 
(Lines 249 - 257): 
Tutor: On your initial survey you said what you hoped to 
gain from the course was a better understanding 
for mathematics and to overcome some previous 
fears in tackling equations. Do you think you have 
managed to achieve that? Or, do you think we 
have managed to achieve that? 
Student: Absolutely, absolutely. As 1 say, 1 came here with 
nothing, and since 1984 - was the last time 1 did 
any maths at school and 1 didn't do very well then 
either, - so basically, everything that I've learned 
about maths I've learnt in this two weeks. 
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4 
5 
6 
7 
Start: What do you expect to 
gain from this summer 
school? 
To brush up on my basic maths 
and get my brain into gear for 
the foundation Pathways. Also 
to get used to the daily routine. 
A build up to the foundation 
year. 
To leave the course refreshed to 
a standard that 1 can continue 
onto the Foundation Course 
Brush up maths skills. 
Finish: What benefit do you think you have 
gained from this course? 
1 have revised what 1 learned at G.C.S.E. and built 
on it. 
The course has given me a great confidence boost 
for the level of maths to start the foundation year. It 
has also made me realise what a friendly place the 
University is. 
When 1 started 1 thought my maths was poor, but 
now 1 know 1 was just out of practice. 
Interview 
Transcript is given in Appendix G 
(Lines 322 - 325): 
Tutor: 1 think you said on your initial questionnaire, you 
wanted to brush up on your basic maths and get 
your brain into gear. Do you feel that you have 
done that? 
Student: Yes, definitely, without a doubt. Definitely, without 
a doubt 
(Lines 405-411): 
Tutor: Do you think you've got what you wanted 
from it? 
Student: Well, when 1 accepted coming onto the course, 1 
thought - my main interest was what the level was 
going to be, required to start the foundation year 
on. 1 think without a doubt it's given me a 
confidence boost, 'cause 1 now know what sort of 
level I'm expected to be at for when 1 go onto the 
Foundation Year now instead of going in 
completely blind. 
(Lines 468-471): 
Student: 1 benefited in that 1 came onto this course thinking 
that 1 needed to do it because 1 thought my maths 
skills were poor which was really a reflection of the 
fact that 1 hadn't used them for so long and it was 
just rusty. 
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8 
9 
Start: What do you expect to 
gain from this summer 
school? 
A place on the course and 
experience of what the course 
will be like. 
Finish: What benefit do you think you have 
gained from this course? 
Exercised my brain, so that 1 am ready for the 
foundation year. 
(Q18. 1 think some people slowed me and other 
people down. We wanted to go on to new things, but 
we had to wait for others. 1 am not being selfish, but 1 
wanted to learn and excel more than 1 was allowed.) 
My mathematics skills have been reborn & touched 
up. 1 have a good understanding with most of the 
topics we covered & feel comfortable in a 
mathematics situation. 
Interview 
Transcript is given in Appendix G 
(Lines 545 - 547): 
Tutor: So have you got out of the course what you hoped 
to get? 
Student: Yes. It's good. 1 did expect it to be much harder, 
but, 1 suppose that's a positive thing. 
(Lines 636 - 637): 
Student: Yes, an all round general knowledge of basic 
maths skills and to prepare me for the foundation 
year in engineering. 
I l l 
10 
11 
start: What do you expect to 
gain from this summer 
school? 
Brush up on principles 
Finish: What benefit do you thinl< you have 
gained from this course? 
The couse helped ready me for Lectures and Uni 
life. It made the start of the foundation year a lot 
gentler and 1 would recommend it to all mature 
students regardless of their previous achievements 
[sic]. 
It has help me a great deal over the first month of the 
pathways course and 1 think that reflects on 
comments from other students who say that they 
wished they had attended and feel that we've had a 
head start on the maths module. 1 just wish there 
had been a summer school for computers 1 
Interview 
Transcript is given in Appendix G 
(Lines 730-741): 
Tutor: Can you tell me generally what benefit do you thinl< 
you've got from the course? 
Student: 1 am certain that every presentation 1 have 
received completely concreted my knowledge of 
the subject. 1 don't think 1 learnt very much but 
what 1 already had learned was really reinforced 
by the course. 
Tutor: You were fairly confident in most of this stuff 
beforehand? Is that reasonable to say? 
Student: Yes, but only because I'd done the actual revision 
book before 1 arrived. So I'd done the exact course 
content before 1 came. 
Tutor: You got some benefit then? 
Student: 1 am positive every presentation 1 saw was 
worthwhile. 
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13 
14 
15 
Start: What do you expect to 
gain from this summer 
school? 
Finish: What benefit do you think you have 
gained from this course? 
The maths summer school is an awesome course to 
do prior to the Foundation Pathway. Being a mature 
student it has been good to get my brain back in 
gear. 
Lots more confidence with maths. Before 1 came on 
to the course ! truly believed 1 couldn't do maths at 
all but Im [sic] amazed at how much 1 seem to have 
taken in in such a short space of time. It has 
changed my attitude to maths completely. 
1 think 1 have gained a higher understanding of 
maths which 1 greatly need. 
Interview 
Transcript is given in Appendix G 
Table 4.42: Comparison of expectation and achievement 
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4.8 Conclusion to chapter 
The students on the summer school formed a diverse group, both in terms of 
age and mathematical qualifications. The stated expectation of almost all 
students involved improvement and/or consolidation of mathematical skills. All 
students have expressed at least some degree of satisfaction with the summer 
school: some have expressed a very high degree of satisfaction. 
Computer-based presentation materials were used extensively on the summer 
school. Acknowledgement of their benefits, definite enthusiasm from some 
students for their use and the absence of disapproval suggests that their use 
was at least appropriate. 
In the next chapter profiles of students are generated from the data in this 
chapter. Assessment is made of how well each student has engaged with the 
subject and the influence of the use of computer-based learning material in 
the classroom is assessed. 
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Chapter 5: Analysis of the data 
5.1 Introduction 
The research question is: How can technology be used in the mathematics 
classroom to facilitate constructive alignment? 
Constructive alignment is a design for teaching 
calculated to encourage deep engagement (Biggs 
2003, p32). 
In this section the responses from each student in turn are analysed for 
evidence of constructive alignment and for the influence of the use of 
computer-based presentation material. 
The factors pertinent to constructive alignment are the student, the tutor, the 
learning environment, the ethos of the institution and the assessment system. 
The purpose of the analysis is to find evidence of compatibility or conflict 
between the student and these factors. As already discussed in Chapter 3, 
constructive alignment is more amenable to qualitative assessment than 
quantitative measurement. 
For each student a brief profile is compiled from his or her initial survey. The 
summer school feedback questionnaire, the interview transcript and students' 
performance are analysed for indications of compatibility or conflict among the 
factors; for indications of engagement with the subject; and for evidence of 
the influence of the use of technology. 
Of the fifteen students who enrolled on the summer school, twelve accepted 
the invitation to complete the initial questionnaire and to be interviewed. Due 
to personal circumstances unrelated to the summer school, one student 
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(ID 12) decided to leave on the 3'''^day. Three students (IDs 7, 10, and 11), 
having worked through the material at their own pace, successfully completed 
the end-of-course test before the allocated two weeks. 
For five of the students (IDs 3, 8, 9, 14, and 15), the offer of a place on the 
Foundation Pathways in Technology course was dependent on satisfactory 
performance on the summer school. The other ten had been offered places on 
the Foundation Pathways in Technology course, and were attending the 
summer school in preparation. 
One student (15) showed symptoms of dyslexia: he often found difficulty with 
concepts and/or processes that he appeared to have assimilated at an earlier 
stage. He had never been assessed for dyslexia, but by co-incidence, in a 
context unrelated to the summer school, the possibility of being dyslexic had 
recently been suggested to him. During the summer school this student made 
arrangements to undergo formal assessment for dyslexia. 
5.2 Analysis of students 
5 .2 .1 Student 1 
Student 1 was a prospective engineering student, aged 48. He had not 
recorded any formal mathematics qualification but had gained a grade B 'O' 
Level in physics at the age of 16. At school he mostly enjoyed mathematics, 
usually liked solving problems and felt himself to be in the top half of the class 
as far as mathematics was concerned. He considered that a good memory and 
understanding were necessary to be good at mathematics but was not sure 
whether a good teacher was necessary. He recalled no particular experiences 
which made him like or dislike mathematics. 
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This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. 
There was no part of the summer school which he found particularly difficult, 
although he did indicate some diffidence with respect to indices. Asked if he 
found any topic or part of the summer school particularly difficult, he replied, 
"No, I just had a slight problem with the indices, that was all. Thinking about 
that, everything else was ok." (Appendix G: Interview transcript lines 5, 6). 
Asked to comment on any topic areas which stood out (Interview transcript 
line 7 onwards) he used the words, "helpful", "useful" and "quite useful". His 
interview (transcript lines 9 to 25) indicated that he found visual aids of 
benefit, "being able to visualise the graph, how it changed and so on" 
(Interview transcript lines 10,11). 
This student considered that the visual aspects afforded by the computer-
based presentation material are beneficial. Asked if any topic areas stood out 
in this respect, he replied, "Certainly I found the graph stuff helpful, doing it 
with the computer technology, being able to visualise the graph, how it 
changed and so on ... being able to alter the gradient and coordinates and see 
the gradient come through ... just being able to visualise the equations from 
the graphs. Trigonometry as well I found useful... Just to be able to imprint it 
on my mind" (Interview transcript lines 9 - 25). 
In response to question 4 on the feedback questionnaire, the student 
identified four topic areas for which the presentation particularly helped his 
understanding. The aspect that made them particularly helpful was given as 
"tutors [sic] demonstration on interactive board". In responses to both 
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question 4 and question 8, trigonometry was cited as a topic/session which 
was particularly effective. The reason given was that it was "ive// explained". 
As the explanation involved the use of computer-based presentation material 
it may be reasonable to attribute some benefit to this aspect, although it may 
not be major. 
Question 9 asked specifically whether the computer-based presentation 
material was considered to be helpful. The student ticked 'Yes' for seven topics 
and 'Don't know' for the other three topics. No comment was made. One of 
the 'Don't know' topics was fractions, which was also selected in question 4 as 
a topic where the presentation was particularly helpful to understanding. 
At the start of the summer school Student 1 felt "a bit rusty about maths" and 
hoped the summer school would give him "^more confidence" (Initial 
questionnaire, question 11). At the end of the summer school he stated, "/'/r? 
very confident, much more confident now" (transcript lines 49/50) . 
Although a little diffident, he performed competently on the summer school 
scoring an average of 8 4 % on the daily tests and 100% in the end-of-course 
test. 
Apart from the possible anomaly of the student showing evidence of both 
diffidence and competence, there was no indication of significant conflict 
between this student and the other factors involved in constructive alignment. 
For this student some benefit from the use of computer-based presentation 
materials is evident. The benefit appears to have come from the way they 
were used to assist explanation. 
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5.2.2 Student 2 
Student 2 was a prospective mathematics student aged 30. He had gained a 
grade B GCSE in mathematics four years previously. At school he mostly 
enjoyed mathematics, did not mind solving problems and usually liked specific 
questions. He felt himself to be in the top half of the class as far as 
mathematics was concerned. To be good at mathematics, he did not consider 
that a good memory was necessary, did not consider that a good teacher was 
necessary, but considered that understanding was necessary. He recalls no 
particular experiences which made him like or dislike mathematics. 
This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. 
Asked if there was any topic on the summer school which he found particularly 
difficult, this student replied, "No, not really", and confirmed, "Kes" when 
asked if he was fairly confident with most topics before starting the summer 
school (transcript lines 58 - 64). From the summer school he expected to 
^'Refresh my knowledge and maybe learn a bit more" (Initial questionnaire 
question 11). Asked if he had achieved this he replied, "Yes, definitely" 
(transcript line 138), and added ''It's accomplished what I hoped it would" 
(transcript line 144/5). He considered the presentation of fractions ''set out 
quite well" (transcript line 71) and although he did not have difficulty with 
fractions the session was of benefit to him. He recalled, "The way the grids are 
going and the addition and the multiplication I think as well - yeh - you can 
just see it easier -1 mean I can do it anyway - but the way it's split vertically 
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and horizontally on these grids... You could visualise it more. Rather than just 
use numbers, you could visualise it I think" (transcript lines 74 - 84). 
Asked if he liked to visualise things, he replied, " / think you get a better 
understanding of it if you can visualise it. So it helped me probably get a 
better understanding" (transcript lines 85 - 89). 
Having attempted to revise transposition of formula from textbooks on his 
own, he expressed satisfaction with the coverage of the topic on the summer 
school, " / was looking through some textbooks and I forgot how to do some of 
this transposition. I would move it around and it would be in the wrong places. 
So I found this very useful really" (transcript lines 102-105). He was similarly 
appreciative of the coverage of indices and graphs stating, ^^I got a lot from 
that" (transcript lines 114 - 126). 
Commenting on the use of the computer-based presentation material for 
fractions, this student considered it ''useful" and "set out quite well", which 
enabled him to 'just see it easier" (transcript lines 69-71). Although he was 
already content with his knowledge of fractions he considered that the visual 
representation provided a "better understanding" (transcript lines 76-87). 
He was glad that transposing formulae was covered in the summer school, as 
his attempt to revise this from textbooks had not been entirely satisfactory. 
Electronic presentation was used extensively for this topic, coverage of which 
he acknowledged as being "very useful really," (transcript line 105) but he was 
uncommitted as to whether the electronic presentation had advantages over 
presentation using a conventional whiteboard, saying, "I don't know if it would 
have made much difference doing it on the projector or if you just did it on the 
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board" (transcript lines 105/6). Asked if he would have a preference between 
an electronic presentation and a conventional whiteboard for any courses he 
might attend in the future he replied, "/Vo, I wouldn't be bothered. I don't 
think it would make much difference to me - not really" (transcript lines 
112/3). 
In question 8 of the feedback questionnaire he identified graphs as a 
topic/session which was particularly effective, commenting that he had not 
''covered this since school". This was amplified in the interview when he said, 
''Graphs, graphs, this is something that I couldn't remember how to do ... I 
spent the weekend last weekend going through it... Working out the equation 
from graphs. I forgot how to do that. I got a lot from that" (transcript lines 
120-125). The classroom presentation of this topic used computer-based 
material: the student had spent t ime, at home, revising from the summer 
school booklet. Asked if he was referring to the computer-based presentation 
material or the revision booklet, the student replied that he was referring 
"definitely" to both (transcript line 129). Then, asked if he found that the 
computer-based presentation materials used in the classroom complemented 
the booklet he responded, "Yeh, I think they were complementary, definitely 
on graphs, and trig" (transcript lines 131-132). 
This student's motivation was already high before joining the summer school 
and he was enthusiastic about the summer school (transcript lines 153 - 157). 
The experience seems to have consolidated and enhanced his skills and 
knowledge of the subject. He described his disposition to mathematics as 
"confident" and "comfortable" (transcript lines 153 - 157). On the daily tests 
he scored an average of 90% and on the end-of-course test he scored 93%. 
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Although he expressed no preference between the electronic medium and 
conventional presentation using a whiteboard this student was amenable to 
the way ICT was used, and appeared to have derived some benefit In terms of 
consolidation/renewal of existing/former l<nowiedge. There is a suggestion that 
the benefit was related to visual il lustration. 
This seems to suggest a positive degree of constructive alignment. 
5.2.3 Student 3 
Student 3 was a prospective engineering student aged In his mid 30s. He held 
a CSE grade 3 in mathematics, gained at the age of 16. At school he rarely 
enjoyed mathematics but did not mind solving problems or answering specific 
questions. He felt himself to be In the bottom half of the class as far as 
mathematics was concerned. To be good at mathematics, he considered that a 
good teacher and understanding were necessary, but did not consider that a 
good memory was necessary. He could recall a particular experience that 
made him like mathematics, although he did not disclose what It was. 
This student had been offered a place on the Foundation Pathways In 
Technology course conditional on successful performance on the summer 
school. 
From the summer school Student 3 expected to gain a much better 
understanding of mathematics and to overcome previous fears of tackling 
equations (Initial questionnaire question 11). He reported that he ^^did have 
trouble" with graphs and Indices but adds that, "/t's not as hard as I thought it 
was" (Transcript lines 164-171). He reported having a "much better 
understanding of basically everything in the course" (Transcript lines 206). 
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This student identified three topic areas where the presentation was 
particularly helpful to understanding (feedback questionnaire question 4) . 
Aspects which made them particularly helpful were that the revision booklet 
was "very clear" and the "screen projector was useful especially for 
tr igonometry". Question 13 asked about the role of the tutor, to which the 
student responded, "Tutor was very good at explaining problems and always 
had t ime for people struggling". 
Question 9 of the feedback questionnaire asks specifically whether the use of 
computer-based presentation material was found to be useful. While 
acknowledging that the computer-based material offered benefits, the student 
thought that "a mixture of computer and blackboard [sic]... would achieve the 
best results". This point of view was affirmed in the interview, " / would prefer 
a mixture. I feel that there is a lot to be gained from the projector and also 
there's a lot that would be lost in a classroom without the blackboard methods 
being used in certain occasions" (transcript lines 240-242). Asked to identify 
benefits offered by the use of computer and projector, he responded, "7/76 
questions can be put over more accurately". 
This student had identified three factors of teaching and learning which he 
considered to have contributed to the effectiveness of the summer school: 
resources, presentation and the role adopted by the tutor. He did not indicate 
any ranking or weighting of these factors. 
He appears to have accepted the role of computer-based resources within the 
summer school, which he considered to have raised his level of confidence in 
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tackling mathematical problems by "100%" (feedback questionnaire 
quest ionl9) . 
On the daily tests he scored an average of 92% and on the end-of-course test 
he scored 100%. 
Asked if his expectations of the summer school had been achieved he replied, 
''Absolutely, absolutely. As I say, I came here with nothing, and since 1984 -
was the last time I did any maths at school and I didn't do very well then 
either, - so basically, everything that I've learned about maths I've learnt in 
this two weeks" (Transcript lines 254 - 257). This emphatic endorsement 
suggests a positive degree of constructive alignment. 
I t seems reasonable to conclude that this student benefited from the summer 
school, in which the use of computer-based presentation material was an 
integral part. The benefit to the student from the use of electronic resources 
appears to be related to visual impact. 
5.2.4 Student 4 
Student 4 was a prospective mathematics student in her late 30s. At school 
she gained an *0 ' Level Grade B in mathematics which she mostly enjoyed. 
She usually liked solving problems and felt herself to be in the top half of the 
class as far as mathematics was concerned. She considered that a good 
memory and a good teacher were necessary to be good at mathematics, and 
also considered that it was not necessary to understand mathematics as long 
as the rules or formulae were known. She could recall a particular experience 
that made her like mathematics. 
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This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. 
Student 4 did not cite any topic as being particularly difficult in response to 
question 1 of the feedback questionnaire. Nominating indices as relatively the 
most difficult topic (transcript lines 266 - 268), she reported, " / think it was a 
case of learning the rules and understanding why we did what we did. I am a 
lot clearer on it now". 
The session on fractions was less successful for this student. ^^I just couldn't 
get this grid idea at all. If anything, that actually confused me more" 
(transcript lines 290/1). She was able to perform arithmetic involving fractions 
competently and found no problems with fractions. Before the summer school, 
however, she was unaware that multiplication and division took precedence 
over addition and subtraction and identified that ignorance of this had led to 
''making silly mistakes over the past years" (transcript line 299 - 308). 
Before the summer school this student was hesitant about undertaking a 
degree in mathematics. At the end of the summer school she felt "a lot better, 
a lot more confident" (transcript lines 317/8) and had, "Definitely, without a 
doubt" (transcript lines 325) got her'"brain into gear", which was her stated 
expectation of the summer school (Question 11 of initial survey). 
For this student, the relatively most difficult topic was indices although no 
topic presented great difficulty. Asked if she found any part of the summer 
school particularly difficult, she replied, "'Not really, really difficult, but the 
hardest bit for me was indices. Everything else was OK" (transcript lines 
263/4). She acknowledged that the computer-based presentation material on 
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this topic area was beneficial, "Yes that was good, yeh, that was OK. That 
helped on indices" (transcript line 275). 
The succinct computer-based presentation on order of precedence of 
arithmetic operations appears to have been effective as the student was 
unaware of, or had forgotten, this convention prior to the summer school. 
Asked if the presentation had helped, she replied emphatically, "Yes, totally. 
Yes, totally." (transcript lines 307). 
Earlier in the interview this student had stated, " / was a little bit put off by the 
computer". The reason given for the aversion, "my eyesight isn't brilliant, but 
I'm rather loath to wear my glasses," (transcript lines 280/1) is relevant to all 
visual presentation media. The student confirmed that she made frequent use 
of a computer at home (transcript lines 286/7). Probed for further reasons for 
aversion to the use of the computer, she stated that she considered the 
computer-based presentation material for fractions to be confusing, "If 
anything, that actually confused me more" (transcript lines 291). She also 
suggested, however, the possibility that as she was content with her ability to 
work with fractions, she was not receptive to an alternative perspective 
(transcript lines 292/3) . This suggests a difficulty related to the concept that 
was being presented rather than to the medium. 
There are indications that this student may place greater importance on 
remembering procedures than on understanding, which might inhibit deep 
engagement with the subject. This implies imperfect constructive alignment 
with the aims of the summer school, which include the development of 
understanding. She did feel, however, that she had benefited from the 
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summer school and refers to "understanding why we did what we did" 
(transcript lines 267/8) . Her daily test scores indicate that she can 
competently perform mathematical calculations: she scored an average of 
94%. Due to personal circumstances and the fact that an unconditional place 
had been offered on the Foundation Pathways course, she opted not to attend 
for the end-of-course test on the final day. 
There appears to be at least a mild degree of constructive alignment. 
While this student may not have volunteered strong endorsement of the use of 
computer-based presentation materials, neither did she strongly deprecate 
their use. Although she did not benefit from the presentation on fractions, she 
acknowledged benefit from other presentations. The benefit appears to be 
related to visual impact. 
She considered that overall the summer school had, ''without a doubt", fulfilled 
her expectations (transcript lines 325). 
5.2.5 Student 5 
Student 5 was a prospective mathematics student aged 28 who gained a GCSE 
grade B in mathematics at school, where he mostly enjoyed mathematics and 
usually liked solving problems. He felt himself to be in the middle of the class 
as far as mathematics was concerned. To be good at mathematics, he 
considered that a good teacher and understanding were necessary but was not 
sure that a good memory was necessary. He recalled no particular experiences 
which made him like or dislike mathematics. 
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This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. Due to personal commitments he did not 
attend the final two days of the summer school. Although he consented to be 
interviewed, a convenient t ime could not be found to conduct the interview. In 
response to question 4 of the feedback questionnaire he writes that ^^Good 
communication witti the tutor" was an aspect which made the presentation of 
eight of the ten topics particularly helpful to understanding. In response to 
question 8 he acknowledged that, "7/76 topics are presented in a way which 
relates to each other". 
On the daily tests he scored an average of 80%. 
This student was not available for interview and his responses to the feedback 
questionnaire were few and brief. In response to question 9, which asked 
directly about the use of computer-based presentation materials, he indicated 
that this was helpful for five of the ten topics, and commented, ^^Computers 
are useful, but could be made more useful." 
Good communication implies engagement, which indicates a positive degree of 
constructive alignment. The analysis seems to imply a liking for the use of 
computers and a greater expectation from their use. 
5.2.6 Student 6 
Student 6 was a prospective engineering student aged 24. At school he 
sometimes enjoyed mathematics, usually liked solving problems and gained a 
GCSE grade C in mathematics. He felt himself to be in the top half of the class 
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as far as mathematics was concerned. To be good at mathematics, he 
considered that a good memory, a good teacher and understanding are all 
necessary. He could recall no particular experience that made him like or 
dislike mathematics. 
This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. 
He did not find any topic in the summer school to be particularly difficult but 
considered fractions to be relatively the most difficult stating; " / wouldn't say I 
found them particularly difficult. I think the hardest part on the course was 
definitely the fractions part" (transcript lines 332/3). This appears to be due to 
deficiency in the skills of multiplication and division of integers rather than the 
concept of fraction. Although he thought that the diagrams "^confused the issue 
slightly" (transcript lines 358), he felt "^Far more confident" (transcript lines 
346) with the topic by the end of the summer school. 
Another area where he found initial difficulty was in transposition of formulae: 
He stated ^^rearranging formula has always been the part, that if anything was 
likely to go wrong that would be the part that would go wrong" (transcript 
lines 372-374). For him, the summer school had ^^certainly cleaned that up" 
(transcript line 375) and given him a "^clearer understanding of what's actually 
happening" (transcript lines 383/4). 
In response to the feedback questionnaire this student identified the topic, 
rearranging formulae, as one where the computer presentation was 
particularly helpful. What made it helpful was "t/7e explanation on how to do it 
one step at a time" (question 4) . He described it as his ''most inconsistent area 
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of maths" (question 8). His reaction to the presentation was, '"It's good", 
(transcript lines 380) and it had given him "a far clearer understanding" of the 
topic (transcript line 383). This is the only topic to which he responded in 
question 9 of the feedback questionnaire. Question 9 asked, whether the use 
of computer-based presentation material by the teacher was helpful. 
Respondents were asked to indicate 'Yes', 'No' o r 'Don ' t know' for each o f ten 
topics. For this topic he indicated, 'Yes'; for the other nine topics he made no 
indication. He added the comment, "Also the software on logs was very 
helpful." 
His response to the use the material on fractions was less favourable, but the 
criticism was directed towards the content rather than the medium. He 
considered the diagrams to be confusing and unnecessary; " / don't think the 
diagrams are necessary, to be honest. I think they confuse the matter" 
(transcript lines 362/3) ; but he did not object to the numerical part of the 
demonstrat ion; ""Personally I think the numbers and the methods shown there 
are quite adequate on their own" (transcript lines 364/5). 
He made no objection to the use of computer-based resources and in response 
to question 4 of the feedback questionnaire he offered a f i rm endorsement of 
their use in a particular instance. The question asked respondents to identify 
topics where the presentation was particularly helpful to understanding, and to 
identify aspects of the presentation which made it so. This student identified 
one topic and considered that, ""The explanation on how to do it one step at a 
time" was an aid to understanding. 
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Asked in the feedback questionnaire what he had gained from the summer 
school this student replied that it had given him "a great confidence boost" 
and made him ^'realise what a friendly place the University is" (question 19). 
On the daily tests he scored an average of 95% and on the end-of-course test 
he scored 100%. 
This analysis suggests a positive degree of constructive alignment. 
5.2.7 Student 7 
Student 7 was a prospective student of computing, aged 25. At school he 
sometimes enjoyed mathematics, did not mind solving problems and usually 
liked specific questions. He had gained a GCSE grade C in mathematics and 
had felt himself to be in the middle of the class as far as mathematics was 
concerned. To be good at mathematics, he considered that a good teacher was 
necessary but was not sure that a good memory was necessary. He 
considered that it was not necessary to understand mathematics as long as 
the rules or formulae were known. He could recall a particular experience that 
made him dislike mathematics. 
This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. 
He opted to take the end-of-course test at the beginning of the second week 
and did not attend for the remainder of the summer school. 
There were no topics which he found particularly difficult although he was 
initially a little apprehensive and believed his mathematics skills to be poor; 
''Initially I feared some of the topics but once I understood the rules that made 
131 
it a lot easier for me to understand" (transcript line 419/20) ; " / thought my 
maths sl<ills were poor which was really a reflection of the fact that I hadn't 
used them for so long" (transcript line 469/70). Asked in the initial survey 
(question 11) what he hoped to gain from the summer school he indicated 
that he wanted to '"Brush up maths skills". In the interview he confirmed that 
this had been achieved. He confirmed that he understood the topics which had 
been covered; " / think that where I thought that I was bad at maths before, it 
was that I'd forgotten about certain rules and ways of doing things, and then 
once I re-learnt that, and it came back to me, then I was better at doing it" 
(transcript lines 421-424) ; " / now understand them" (transcript line 492). 
On the daily tests he scored an average of 8 1 % and on the end-of-course test 
he scored 78%. 
Question 9 on the feedback questionnaire asked whether the use of computer-
based presentation material by the teacher was helpful. This student selected 
'Yes' for nine of the topics and 'Don't know' for the remaining topic. Asked in 
the interview to explain in what way they were helpful, he responded, "Vou 
could easily break it down into steps and you could see what was going on" 
(transcript lines 454/5) . Describing the benefit he gained from the summer 
school, he wrote, "'When I started I thought my maths was poor, but now I 
know I was just out of practice" (feedback questionnaire question 19). 
This analysis suggests that the presentations were beneficial in providing 
effective summaries, clarification, and consolidation and that the degree of 
constructive alignment was positive. 
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5.2.8 Student 8 
Student 8 was a prospective mathematics student, aged 26. At school he 
mostly enjoyed mathematics, liked solving problems and usually liked specific 
questions. He felt himself to be in the top half of the class as far as 
mathematics was concerned but disclosed no formal qualification in 
mathematics. To be good at rriathematics, he considered that a good teacher 
and a good memory were necessary. He also considered that it was not 
necessary to understand mathematics as long as the rules or formulae were 
known. He could recall no particular experience that made him like or dislike 
mathematics. 
This student had been offered a place on the Foundation Pathways in 
Technology course conditional on successful performance on the summer 
school. 
He considered that he had probably covered all of the topics at school but 
could not remember them and felt that he was starting from the beginning: 
"I've probably done it all of this before but it's been like ten years. I can't 
remember anything. I feel like I am starting from the beginning" (transcript 
l ine521-523). 
He was initially a little apprehensive; " / was a bit scared of coming at first but 
it's OK, it's good" (transcript lines 541/2) ; but found the resources useful: 
"...everything I learnt really, is from the revision book" (transcript line 510) ; 
"Yes, I used [ the CD] at home, just to go through things, just a recap on what 
I've done, ready for the test really" (transcript lines 533/4) and felt that his 
"brain has got back into exercising" (transcript line 543/4). 
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In his feedback questionnaire, in response to question 18, which asked for 
comments on the assessment methods, he suggested that his progress was 
impeded by the slower pace of other members of the group. His final mark 
was 94%, comfortably above the group average of 83%. 
In the feedback questionnaire this student selected all ten topics as being 
presented in a way that was particularly helpful. The aspect which made 
presentations helpful he described as, "the teacher explaining and helping 
you", which ''makes things simpler" (question 1). 
Question 9 asked specifically whether the computer-based material used in the 
presentations was found to be helpful. The student selected 'Yes' for all ten 
topics and added the comment, "It showed the correct step by step process to 
getting the answer. It was very clear which helped my understanding of each 
topic". 
In the interview Student 8 specifically mentioned that he liked the graphic 
illustration of fractions: "I think the fractions one was quite good because it 
actually showed the fraction in graphic sense rather than a number. It 
showed, say for example if it was a quarter, it showed a quarter of something" 
(transcript lines 496-498). 
Referring to the computer-based material on equations he commented, "I did 
like the way that it showed everything step by step and explained it really 
well" (transcript lines 502/3). 
He also expressed a preference for the medium of electronic projection over 
conventional use of a whiteboard stating, "it shows everything clearly and it's 
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good to see it on computer rather than just written up, I thinl<. It lool<s better" 
(transcript lines 527-529). 
Use of computer-based presentation material clearly suited this student. The 
aspects which appealed to this student are the decomposition of processes 
into steps and visual representation. 
On the daily tests he scored an average of 96% and on the end-of-course test 
he scored 93%. 
Although this student's response to question 18 of the feedback questionnaire 
indicates that he may have been able to meet greater challenges than those 
presented by the summer school, his attainment and re-familiarisation with 
mathematics suggest positive constructive alignment. 
5.2.9 Student 9 
Student 9 was a prospective engineering student, aged 2 1 . At school he 
sometimes enjoyed mathematics, did not mind solving problems, did not mind 
specific questions, and felt himself to be in the middle of the class as far as 
mathematics was concerned. To be good at mathematics, he did not consider 
that a good memory was necessary and was not sure that a good teacher was 
necessary. Also, he considered that it was not necessary to understand 
mathematics as long as the rules or formulae were known. He could recall a 
particular experience that made him like mathematics. He disclosed a GNVQ 
level F, but no formal qualification in mathematics. 
135 
This student had been offered a place on the Foundation Pathways in 
Technology course conditional on successful performance on the summer 
school. 
On his feedback questionnaire (question 1) and in the interview he identified 
fractions as an area of difficulty and in the interview he confirmed " / found 
fractions difficult and still am having a few problems. I just can't get to grips 
with the concepts" (transcript lines 554/5). In the topic test on fractions he 
scored 5 out of 20. On a retest with a similar paper he scored 10 out of 20. In 
the end-of-course test, covering all topics, he scored 4 out of 6 for the 
question on fractions. In response to question 4 in the feedback questionnaire 
he felt that all topics were "explained properly" and '"taught well", although he 
felt that fractions was "'rushed a bit". 
In response to question 4 of the feedback questionnaire this student selected 
nine out of the ten topics as being presented in a way that was particularly 
helpful. He considered that the topics were,'''explained properly and taught 
well" and that, "t/7e computer & the projector made it a lot easier to 
understand". In responses to questions 8 and 9 he indicated that he also made 
use of the software for revision at home and described it as 'Wery effective". 
Commenting on the software used to illustrate transposition of formulae, he 
said, "/f shows you step by step what's happened" and, '"so it was quite easy 
to understand" (transcript lines 605/6). 
At the start of the summer school he was unaware of, or had forgotten, the 
order of precedence of arithmetic operations: '"It's never come across me 
before. First time" (transcript line 571). Recalling the presentation he said, "it 
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was easy to understand and made it clear" (transcript lines 579-580), and he 
confirmed his satisfaction that he would be able to apply the rules in the 
forthcoming test, " / e s " (transcript line 584). 
Asked if the presentations would have been just as effective had they been 
written on the board, he responded, " / suppose so, but with the software you 
saved a lot of time" (transcript line 609). Then asked if he had a preference, 
he initially replied, ^^Honestly it doesn't make a difference" (transcript line 
623), but after some consideration stated, ^^I preferred the projector to the 
board" (transcript line 623), ^^It was all laid out for you. You didn't have the 
teacher moving from one side of the board to the other trying to explain 
something. It was there; all done for you and step by step what you wanted; 
you could always go back and could go forward" (transcript line 629 - 632) 
Use of computer-based presentation material appears to have been 
appropriate and beneficial for this student. Understanding had been assisted 
by step-by-step il lustration. 
Overall he felt that his ""mathematics skills have been reborn & touched up"; 
he had ""a good understanding with most of the topics" and he felt 
"comfortable in a mathematics situation" (feedback questionnaire question 
19). This point of view was confirmed in the interview. Asked what he had 
gained from the summer school he replied, " an all round general knowledge 
of basic maths skills" (transcript lines 636/7). 
On the daily tests he scored an average of 65% and on the end-of-course test 
he scored 93%. 
This analysis suggests a positive degree of constructive alignment. 
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5.2.10 Student 10 
Student 10 was a prospective engineering student, aged 24. At school he 
mostly enjoyed mathematics, usually enjoyed solving problems and did not 
mind specific questions. He felt himself to be in the middle of the class as far 
as mathematics was concerned. He disclosed no formal qualification in 
mathematics but gained a GCSE grade C in science. To be good at 
mathematics, he considered that a good teacher and understanding were 
necessary but did not consider that a good memory was necessary. He could 
recall a particular experience that made him like mathematics. 
This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. 
Having worked his way through the course booklet before the start of the 
summer school, he found little difficulty with the summer school. Asked if he 
had felt confident with the summer school content, he replied, "Ves, but only 
because I'd done the actual revision book before I arrived. So I'd done the 
exact course content before I came" (transcript lines 738-9). 
On the daily tests he scored an average of 8 4 % and at the start of the second 
week he took the end-of-course test early and scored 100%. I t was thus not 
necessary for him to stay until the end of the summer school. 
Asked whether he had benefited by attending the summer school, he replied, 
" / am certain that every presentation I have received completely concreted my 
knowledge of the subject. I don't think I learnt very much but what I already 
had learned was really reinforced by the course" (transcript lines 732 - 735). 
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In the feedback questionnaire (question 19) he recommended the summer 
school to "a// mature students regardless of their previous achievements". 
In response to questions on the feedback questionnaire this student wrote; 
''For presentation the computer based material was good but a remote mouse 
may have been useful" (question 9 ) ; ''The fractions lesson was very effective" 
(question 8) ; and " / liked the kangaroo it really helped me get my head 
around negative multiplication" (question 4) . 
At various points in the interview he described parts of the presentation 
software as "beautiful" (transcript line 675), "great" (transcript line 676), and 
"fantastic" (transcript line 679). He was critical of some of the software, but 
his criticism was constructive; he suggested modifications and developments. 
He was not averse to, but showed enthusiasm for its use: "you can see on this 
page, we had ... but what I want then would have been ..." (transcript lines 
693 /4 ) ; "... more profound colour would be good. So perhaps for every 
operation you make that a very bright red" (transcript lines 688 - 690) ; "if it 
would be possible to display that on a whiteboard instead of a screen, I think 
that would be great... then ... actually being able to just write over what 
you've got from the computer, with your hand" (transcript lines 760 - 770). 
The use of computer-based presentation material seems to have been very 
appropriate and effective in consolidating this student's knowledge. His 
engagement with the summer school materials and suggestions for 
development suggest very positive constructive alignment. 
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5.2.11 Student 11 
Student 11 was a prospective mathematics student, aged 44 and holds a 
Higher National Certificate in engineering. At school he mostly enjoyed 
mathematics and did not mind solving problems. He gained a GCSE grade C in 
mathematics and felt himself to be in the top half of the class as far as 
mathematics was concerned. To be good at mathematics, he considered that a 
good teacher and a good memory were necessary. He also considered that it 
was not necessary to understand mathematics as long as the rules or formulae 
were known. He could recall a particular experience that made him like 
mathematics and a particular experience that made him dislike mathematics. 
This student had been offered an unconditional place on the Foundation 
Pathways in Technology course. His aim in attending the summer school was 
to "Brush up on principles" (Initial questionnaire question 11) and he found 
the summer school well within his capabilities. At the beginning of the second 
week he scored 98% in the end-of-course test and did not attend for the 
remainder of the summer school. 
This student was not interviewed and he submitted his feedback questionnaire 
after he had commenced on the Foundation Pathways course. 
He considered that all topics were explained and presented well and was 
happy with his understanding of them (feedback questionnaire question 2). 
Coverage of three topic areas in particular he found "very useful" as he had 
not studied them for some t ime (feedback questionnaire question 8). 
This student was appreciative of an introduction to two topic areas which were 
not on the original syllabus and would like to have had more t ime on these 
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areas. These were use of a graphics calculator, (feedback questionnaire 
question 4) , and logarithms (feedback questionnaire question 6). 
Responding to question 19, he declared that the Summer School helped him 
"a great deal over the first month" of the Foundation Pathways course. 
This student was very able and had relatively high academic qualifications 
(HNC in Engineering). On the daily tests he scored an average of 8 1 % . He 
took the end-of-course test early and scored 98%. 
Question 9 of the feedback questionnaire asked whether the computer-based 
material used in the presentations was found to be helpful. This student 
selected 'Yes' for all ten topics. 
In response to question 4 he selected 5 topics for which the presentation was 
particularly helpful but did not indicate which aspects made this so. 
None of his comments on the feedback questionnaire expressed specific 
endorsement of or dissatisfaction with the use of computer-based material. 
I t seems that this student was amenable to the way in which computer-based 
material was used and that the benefit he derived from the summer school 
was a refreshing of mathematical skills. 
This analysis suggests positive constructive alignment. 
5.2 .12 Student 12 
Student 12 was a prospective engineering student. At school he rarely enjoyed 
mathematics but did not mind solving problems. He felt himself to be in the 
middle of the class as far as mathematics was concerned. He disclosed no 
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formal qualification in mathematics. To be good at mathematics, he 
considered that a good teacher, a good memory, and understanding were 
necessary. He could recall no particular experience that made him like or 
dislike mathematics. 
This student withdrew from the summer school on the third day for personal 
reasons unconnected to the summer school. 
5.2 .13 Student 13 
This student had been offered a place on the Foundation Pathways in 
Technology course conditional on successful performance on the summer 
school. 
Student 13 did not participate in the initial survey or in an interview but 
submitted a summer school feedback questionnaire. He holds a grade D GCSE 
in mathematics from school. 
In the feedback questionnaire he identified one topic area, fractions, that he 
found particularly difficult (question 1). His response to question 1 included a 
comment that, "7/7e amount of help available was excellent." In response to 
question 8 he identified all topic areas as being particularly effective. In 
response to question 13, (What benefit do you think you have gained from this 
course?), he described the summer school as '"awesome". 
Question 9 of the feedback questionnaire asked whether the computer-based 
material used in the presentations was found to be helpful. This student 
selected 'Yes' for all ten topics and commented, ''"Awesome, a great way to 
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fully understand a topic". In response to question 4 he selected seven out of 
the ten topics as being presented in a way that was particularly helpful. He 
considered that, ''The use of IT was particularly helpful as it easily simplified 
each process". 
To question 19, which asked what benefit had been gained from the course, 
the student responded, ''Being a mature student it has been good to get my 
brain back in gear". 
This student appears to have derived considerable benefit in terms of revision 
and consolidation of existing knowledge. 
On the daily tests he scored an average of 78% and on the end-of-course test 
he scored 100%. 
This analysis seems to indicate a definite degree of constructive alignment. 
5.2.14 Student 14 
This student had been offered a place on the Foundation Pathways in 
Technology course conditional on successful performance on the summer 
school. 
Student 14 did not participate in the initial survey or in an interview but 
submitted a summer school feedback questionnaire. 
In the feedback questionnaire she identified three topic areas, fractions, 
negative numbers, and rearranging formulae, that she found particularly 
difficult (question 1). The topic, fractions, was identified again in question 8: 
Was there any topic where the presentation was particularly helpful to 
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understanding? Although in question 7 she identified two topics that could 
have been presented better, she commented "it was presented ok but I felt 
that I just needed to practice [s ic]" . Her responses to questions 1 and 2 also 
indicate a preference for more t ime to practise. 
In question 8 she identified 3 topics for which she considered the overall 
presentation to be particularly effective. The effectiveness was attr ibuted to, 
"The way they were explained in both the book and its examples, and in the 
classroom". 
In the class test on fractions she scored 3 out of 20, and on the question on 
fractions in the end-of-course test, she scored 5 out of 6. 
In response to question 4 of the feedback questionnaire this student selected 
3 topics for which the presentation was particularly helpful; fractions; graphs 
and tr igonometry. Asked what aspects made them helpful, she wrote, "Using 
the board and the CDs on the computers helped to go through everything step 
by step which helped increase my confidence". 
Question 9 asked whether the computer-based material used in the 
presentations was found to be helpful. This student selected 'Yes' for six of the 
ten topics and 'Don't know' for the other four. 
This student clearly derived substantial benefit from the summer school. I t 
seems fair to suggest that the use of computer-based material was a 
contributing factor, as it was used extensively for whole-class teaching. 
On the daily tests she scored an average of 4 7 % and on the end-of-course 
test she scored 68%. 
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Question 19 of the feedback questionnaire asked what benefit had been 
gained from the summer school. In response she wrote, "Lots more confidence 
witii maths. Before I came on to the course I truly believed I couldn't do 
maths at all but I'm amazed at how much I seem to have taken in in such a 
short space of time. It has changed my attitude to maths completely." 
This seems to imply strong constructive alignment. 
5.2.15 Student 15 
This student had been offered an unconditional place on the Foundation 
Pathways in Technology course, deferred at his request for one year. Although 
he had no formal qualification in mathematics, he had an AS Level in 
Psychology and grade B AVCE in ICT. 
He did not participate in the initial survey or in an interview but submitted a 
summer school feedback questionnaire. 
In response to question 1 he identified seven of the ten topic areas which he 
considered to be 'particularly difficult'. The greatest number identified by any 
other student was three. The question also asked how the topics might have 
been made easier, to which he responded, "more explanations in different 
contexts would have helped a great deal". 
Question 7 asked whether there were any topics or sessions which could have 
been better presented, and in response he identified only one topic, fractions, 
commenting that, "More time should have been spent on fractions". 
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On the daily tests he scored an average of 4 7 % and on the end-of-course test 
he scored 48%. 
During the summer school this student showed symptoms of dyslexia which 
were brought to his attention. As a result he was motivated to seek formal 
assessment for dyslexia. 
Question 9 of the feedback questionnaire asked whether the computer-based 
material used in the presentations was found to be helpful. This student 
selected 'Yes' for three topics, 'No' for three topics and 'Don't know' for the 
other four. 
He selected only one topic in response to question 4, where the presentation 
was 'particularly' helpful, but did not comment on what aspect(s) made it so. 
In response to question 2 he identified seven topics which he could have 
understood better had they been presented differently, and commented that 
he would have preferred ^^more examples and more ways of working them 
out". 
In response to question 19 he wrote, " / think I have gained a higher 
understanding of maths which I greatly need", and responding to question 14, 
he wrote that the individual support he received was ^Wery helpful". 
This student has obtained benefit f rom the summer school. Any contribution to 
this from the use of computer-based technology appears to be minor. 
This student derived benefit from the summer school which may be taken to 
imply at least some degree of constructive alignment. He felt, however, that 
he needed more time to consolidate, and his scores corroborate this. 
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5.2.16 Summary of analysis of students 
The analysis for each student is summarised in Table 5.1. 
ID 
1 
2 
3 
4-) 
VI 
V 
_> 
S 8 
84 
90 
92 
u 
O 
u (/) 
4.1 
4-> 
c 
UJ 
100 
93 
100 
Indications of 
constructive 
al ignment / 
engagement 
Is now much more 
confident 
Has gained a better 
understanding; 
confident, comfortable 
Not as hard as initially 
thought; now has much 
better understanding 
Indications of lack of 
constructive 
al ignment / 
engagement 
None reported or 
observed 
None reported or 
observed 
None reported or 
observed 
Beneficial effects 
attributable to use of 
computer-based 
presentation 
materials. 
Visual aspects assist 
explanation 
Consolidation/renewal of 
existing/former 
knowledge; 
complementary to 
printed materials; 
visual illustration 
Benefit appears to be 
related to visual impact 
Negative effects 
attributable to use of 
computer-based 
presentation 
materials. 
None reported or 
observed 
None reported or 
observed 
None reported or 
observed 
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ID 
4 
5 
6 
7 
4J 
V) 
V 
4-) 
| # 
S 8 
94 
81 
95 
81 
0 
u 
4 J (A 
« 
4-1 
c 
lU 
N/a 
N/a 
100 
78 
Indications of 
constructive 
alignment / 
engagement 
Learning the rules, 
understanding why we 
did what we did, a lot 
clearer on it now 
Good communication 
with the tutor - implies 
engagement 
Far more confident; 
clearer understanding; a 
great confidence boost 
Believed his maths skill 
to be poor; now 
understands 
Completed summer 
school early 
Indications of lack of 
constructive 
alignment / 
engagement 
Possible inclination 
towards learning 
processes rather than 
developing 
comprehension 
Few and brief responses 
on feedback 
questionnaire 
None reported or 
observed 
None reported or 
observed 
Beneficial effects 
attributable to use of 
computer-based 
presentation 
materials. 
Benefit appears to be 
related to visual impact 
Computers 
acknowledged as 
"Useful" 
Breaking down of 
processes into steps is 
an aid to understanding 
Effective summaries, 
clarification, and 
consolidation 
Negative effects 
attributable to use of 
computer-based 
presentation 
materials. 
(Student was "...loathe to 
wear my glasses") 
''Computers ... could be 
made more useful" 
Use of diagrams for 
fractions considered to 
be confusing 
None reported or 
observed 
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ID 
8 
9 
10 
4-> 
vt 
> 
S 8 
96 
65 
98 
L. 
0 
u (A 
4-1 
V) 
V 
4J 
•o 
c 
UJ 
93 
93 
100 
Indications of 
constructive 
al ignment / 
engagement 
Brain has got back into 
exercising 
Mathematics skills have 
been reborn & touched 
up; 
a good understanding; 
comfortable in a 
mathematics situation 
Offers constructive 
criticism; 
suggests modifications 
and developments of 
summer school material 
Completed summer 
school early 
Indications of lack of 
constructive 
alignment / 
engagement 
May have found the 
summer school 
insufficiently challenging 
None reported or 
observed 
None reported or 
observed 
Beneficial effects 
attributable to use of 
computer-based 
presentation 
materials. 
Decomposition of 
processes into steps and 
visual representation 
Understanding assisted 
by step-by-step 
illustration 
Software also used at 
home and described as 
"very effective" 
Consolidation: 
"Really reinforced" 
"very effective"; 
"really helped me get 
my head around" 
Negative effects 
attributable to use of 
computer-based 
presentation 
materials. 
None reported or 
observed 
Presentation on fractions 
not wholly satisfactory 
None reported or 
observed 
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ID 
11 
12 
13 
4^ 
M 
4-1 
S 8 
94 
I . 
0 
u 
(A 
4-) (A 
4>< 
•o 
c 
lU 
98 
Indications of 
constructive 
alignment / 
engagement 
Very useful; 
helped a great deal 
Completed summer 
school early 
Refreshing of 
mathematical skills 
Indications of lack of 
constructive 
alignment / 
engagement 
None reported or 
observed 
Beneficial effects 
attributable to use of 
computer-based 
presentation 
materials. 
(Material for all topics 
acknowledged as being 
helpful 
Specific aspects not 
identified 
Negative effects 
attributable to use of 
computer-based 
presentation 
materials. 
None reported or 
observed 
Withdrawn from summer school 
78 100 Amount of help available 
was excellent; 
awesome; 
good to get my brain 
bacl< in gear 
None reported or 
observed 
Revision and 
consolidation 
Simplification of 
processes 
None reported or 
observed 
150 
ID 
14 
15 
4J (A 
0) 
4-) 
S 8 
47 
47 
I . 
0 
u (/) 
(A 
V 
4-I 
•o 
c 
UJ 
68 
48 
Indications of 
constructive 
alignment / 
engagement 
Lots more confidence; 
how much I seem to 
have taken in in such a 
short space of time; 
changed my attitude to 
maths completely 
A higher understanding 
of maths which I greatly 
need 
Identification of possible 
dyslexia 
Indications of lack of 
constructive 
alignment / 
engagement 
A desire for more time to 
practise 
Low attainment 
compared to others in 
the group 
Beneficial effects 
attributable to use of 
computer-based 
presentation 
materials. 
The way things were 
explained is 
acknowledged as being 
effective 
Minor 
Negative effects 
attributable to use of 
computer-based 
presentation 
materials. 
None reported or 
observed 
None reported or 
observed 
Table 5.1: Summary of analysis of students 
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5.2.17 Conclusions from the analysis of students 
The engagement of each student with the subject is assessed in sections 5.2.1 
to 5.2.15 and is summarised in Table 5 . 1 , section 5.2.16. 
While the motivation to engage with the subject was high before they joined 
the summer school, study of Table 5.1 indicates that all students who 
completed the summer school were better able to engage with the subject, 
than they were at the beginning of the summer school. 
The assessment of students' engagement, through feedback questionnaires 
and interviews, shows that they were able to make critical appraisals of the 
content and the presentation of the summer school, thus demonstrating deep 
engagement, rather than surface engagement, with mathematics. In Table 5.5 
the epitomising features in the summaries for nine of the students specifically 
include improved understanding and/or increased confidence (students 1 , 2, 3, 
4, 6, 7, 9, 14 and 15). For the remaining five students, mental engagement is 
implied. For example, student 13 found it ^^good to get my brain back in gear" 
and scored 100% in final test. 
Although much of the content of the summer school is rudimentary, a degree 
of synthesis is engendered. For example, question 6 in the end-of-summer-
school test (Appendix I) and Test 5, Graphs, (Appendix M), involve elementary 
mathematical modelling, which requires students to bring together skills and 
concepts f rom different topic areas. 
Of the twelve students who took the tests, only two scored less than 6 8 % 
(Students 14 and 15 scored respectively 57% and 4 7 % - see overall scores in 
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Table 4.23). The pass mark was set at 40%. As stated in section 3.4.2.4, 
although high scores by themselves might not be indicative of deep 
engagement, they are an expected outcome of deep engagement. 
The overall conclusion is that the summer school has enabled the students to 
engage more deeply with the subject of mathematics. 
5.3 Analysis of topics 
Three topics, which appear to have had the most significant impression on the 
group, have been chosen for closer analysis; order of precedence of arithmetic 
operations because of its fundamental importance and an apparent initial 
unawareness of the topic by students on the summer school, fractions because 
it was the most criticised topic, and rearranging formulae because the data 
seemed to indicate that this was the most effectively presented topic. 
5.3 .1 Order of precedence of arithmetic operations 
Attention is drawn to this topic because of its fundamental importance and the 
fact that on the first day of the summer school none of the group showed 
confidence in applying the rules. 
On the first day of the summer school the expression, 2 + 3 x 4 , was written 
on the board and the students were asked to evaluate it. One student 
volunteered 20 as the answer. The others were invited to agree or disagree 
but were hesitant. Eventually another suggested 14 as a possible answer, but 
no one else was willing to express an opinion. 
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In interviews, four students confirmed their initial lack of familiarity with the 
rules. This is summarised in Table 5.2. 
Student 2 
Student 4 
Student 6 
Student 9 
Yes, but I can't really remember it - I mean I think I sort of 
did it without thinking about it but I think it was helpful that 
we went over that again (transcript line 94). 
Because now I can see where I'd been making silly mistakes 
over the past years and that is because of that BODMAS. I 
didn't know that before and that did really help (transcript 
lines 318-320). 
No, I didn't [know about BODMAS] (transcript line 401). 
Yeh, I'm happy with it now (transcript line 403). 
I think it was presented very well (transcript line 405) 
Yes, the rules about I'm happy (transcript line 413) 
No. It 's never come across me before. First t ime (transcript 
line 593). 
... it [the presentation] was easy to understand and made it 
clear (transcript line 602). 
Table 5.2: Students' comments: order of precedence of operations 
The presentation outlined in Chapter 3 was then given, demonstrating the 
convention for precedence. I t took less than two minutes, at the end of which 
the whole group indicated that they were confident that they could now apply 
the rules. 
The concise presentation on the rules for the order of precedence of arithmetic 
operations appears to have been effective. 
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5.3.2 Most criticised topic: Fractions 
Question 7 of the feedback questionnaire asks, "Were there any topics or 
sessions which you consider could have been presented better?" Fractions 
was selected by 4 students; indices by 2 students, forming equations by one 
student and expanding brackets by one student. The question also invites 
respondents to give details of why the topic has been selected. 
As fractions is the topic attracting most criticism, all references to the topics 
are now examined. 
Data from the feedback questionnaire (questions 4 and 9) shows that 3 people 
(students 3, 8, 14) found both the presentation and the presentation material 
particularly helpful; two people (students 1, 5) found the presentation but not 
necessarily the material particularly helpful; and four people (students 7, 9, 
11 , 13) found the material but not necessarily the presentation particularly 
helpful. This is shown below as a Venn diagram in Figure 5 .1 . Figure 5.2 shows 
an example of the presentation material. 
Presentatian ^ v ^ 
Darticularlv / \ 
heloful / 
2 \ 3 , 
Presentatiorr 
MatErial 
\ Darticularlv ] hebful 
' 4 
Figure 5 . 1 : Number of responses relating the topic. Fractions 
I t is not anomalous that people selected one aspect and not the other. 
Questions 4 and 9 asked respondents to identify respectively presentations 
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and presentation material that they considered had been particularly helpful. 
That respondents associated particular helpfulness with one aspect only, does 
not imply criticism of the other aspect. Figure 5.1 indicates that nine students 
acknowledged benefit from the presentation on fractions. 
Gric size: 5x4 
1 
5 
1 1 
1 •*" 1 T T 
4 + 5 - 9 
20 20 20 
Gric size: 5 x 4 
Figure 5,2: Example of presentation material for Fractions 
Criticism is extracted from the feedback questionnaires and from interview 
transcripts and is shown in Table 5.3. 
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student 4 
Student 5 
Student 6 
Student 9 
Student 15 
I just couldn't get this grid idea at all. I f anything, that 
actually confused me more. But then, whether it was because 
I already was quite au fait with fractions and you were trying 
to teach me another method, if you like (transcript line 300-
304). 
I knew how to do it before (transcript line 307-308). 
- i 1 
I still don't understand -^  ~ r~ 
Fractions & roots could be better connected to indices 
(question 7). 
I think long multiplication and long division should be included 
or run adjacent to this module. As sometimes the numbers 
are large and the ability to solve it without a calculator 
increases your understanding (question 7). 
I don't think the diagrams are necessary, to be honest. I 
think they confuse the matter. Personally I think the numbers 
and the methods shown there are quite adequate on their own 
(transcript line 376-379). 
The topic Fractions I feel was rushed a bit (question 4) . 
Like I said before [ I ] felt that fractions was slightly rushed. 
Using the projector & certain software to show us how 
fractions work, but was showing to[o] much at any given time 
(question 7). 
I t was easy to understand and it explained how the fractions 
worked, the size of them, what you take away (transcript line 
580). 
More time should have been spent on fractions. Also more 
help should be given on the CD. More examples would help 
and also a few ways of getting an answer would help 
(Question 7). 
Table 5.3: Criticism of topic. Fractions 
Support for the presentation and/or presentation material came from three 
students. This is shown in Table 5.4 
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Student 2 Rather than just use numbers, you could visualise it I think 
(transcript lines 83). 
So it helped me probably get a better understanding 
(transcript lines 87). 
Student 8 I think the fractions one was quite good because it actually 
showed the fraction in graphic sense rather than a number. I t 
showed, say for example if it was a quarter, it showed a 
quarter of something (transcript line 514). 
Student 10 The fractions lesson was very effective (Question 7). 
Table 5.4: Support for topic. Fractions 
Student 4 and student 6 found the illustrations confusing; student 9 appears 
to have found them helpful to a limited degree; students 2 and 8 found them 
to be helpful. Student 10 does not say what made the lesson effective. 
The criticism (Table 5.3) from student 5 is concerned with how the two topics, 
fractions and indices, relate to each other. I t is also perhaps relevant that, as 
the reason for selecting four topics/sessions as being particularly effective, this 
student writes, "The topics are presented in a way which relates to each other" 
(feedback questionnaire question 8). Being able to relate topics to each other 
is clearly important to this student. 
The difficulty exemplified by student 5 has two aspects of complexity; the 
index is fractional and it is negative. Without further discourse with the 
student, it would be difficult to address effectively his criticism, which is 
nonetheless valid. 
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student 6 found the diagrams confusing but this does not seem have impaired 
his confidence. I t appears that students can be selectively receptive to 
different parts of a presentation. 
5.3.3 Topic most effectively presented: Rearranging formulae 
Question 4 asks "Was there any topic where the presentation was particularly 
helpful to understanding?" 
Rearranging formulae was selected by more students (7 in number) than any 
other topic, as shown in Table 5.5. 
Topic 
Rearranging formulae 
Graphs 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from 
formulae 
Trigonometry 
Forming equations 
Indices 
No of 
students 
7 
6 
5 
5 
5 
5 
5 
5 
4 
4 
Table 5.5: Presentations which were particularly helpful to understanding 
The reasons given for selecting topics are shown in Table 5.6. Students who 
selected the topic. Rearranging Formulae, are marked with an asterisk. 
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student 6 is the only student to select only one topic. His comment, therefore, 
must relate specifically to the topic, rearranging formulae. 
* 1 
3 
*5 
*6 
*8 
*g 
10 
* 1 1 
*13 
14 
tutors demonstration on interactive board 
I found the revision pack book very clear. Also the on 
screen projector was useful especially for tr igonometry. 
Good communication with the tutor. 
The explanation on how to do it one step at a t ime 
with a teacher explaining and helping you, it makes 
things simpler. 
All the topics was explained properly and taught well. 
The topic Fractions I feel was rushed a bit but other 
wise the computer & the projector made it a lot easier 
to understand what the teacher was trying to explain. 
I liked the kangaroo it really helped me get my head 
around negative multiplication. 
Work on the Graphics calculator was very useful. 
Perhaps a little more t ime explaining the functions 
would be appreciated as the T84 is used extensively on 
the pathways course. 
The use of IT was particularly helpful as it easily 
simplified each process. I fully understood negative 
numbers thanks to Mr Kangaroo! 
Using the board and the CDs on the computers helped 
to go through everything step by step which helped 
increase my confidence in the topics by giving an 
example then using interactive tests. 
Totals 
T3 
(U 
- i - j 
0) 
i_ 
i-
o 
1 
1 
1 
1 
1 
5 
T3 
•*-) 
i_ 
U O) 
E ^ 
u o 
ID ^ 
1 
1 
1 
1 
1 
1 
6 
Q. C 
0) O 
-Q t 
4-' ' -
if) in 
1 
1 
1 
3 
Table 5.6: What made presentations particularly effective. 
Of the ten responses giving reasons why presentations were considered to be 
particularly helpful, five mention aspects specifically relating to the activities of 
the tutor. Others mention aspects which imply inclusion of activities of the 
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tutor, e.g. student 13 - the use of IT. Six students make specific reference to 
the use of electronic resources. 
5.4 Summary 
With the exception of one student (ID 12) who left the summer school, all 
students appear to have engaged with the subject to at least some degree. 
Of the 15 students who started on the summer school, nine expressed better 
understanding, or increased confidence, or both, as a benefit of the summer 
school (IDs 1, 2, 3, 4, 6, 7, 9, 14 and 15). A further four expressed 
consolidation or refreshing of mathematical skills as a benefit (IDs 8, 10, 11 
and 13). 
For the remaining student (ID 5) a specific benefit was not identified, but 
there is evidence of engagement with the subject. 
I t is therefore concluded that a significant degree of constructive alignment 
was achieved. 
Twelve students have provided evidence of identifiable benefits from the use 
of computer-based materials (IDs 1, 2, 3, 4, 6, 7, 8, 9, 10, 1 1 , 13 and 14). 
One student, ID 5, has acknowledged their usefulness. Although there is 
insufficient evidence to conclude that Student ID 15 benefited from their use, 
he does not appear to have been disadvantaged by it. 
In this study, there is no evidence that the use of computer-based material in 
the classroom was detrimental to the achievement of constructive alignment. 
No student has made a pejorative observation about the use of computer-
based material, or deprecated its use. 
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I t is therefore concluded that, in this study, the use of computer-based 
presentation material contributed to the achievement of a significant degree of 
constructive alignment. 
Pedagogic aspects of this analysis are discussed in Chapter 6. 
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Chapter 6: A discussion of results 
6.1 Introduction 
Apart from one student (ID 12) who left the summer school early, the 
feedback from students indicates that they engaged with the subject and 
gained something from the summer school. The results show that a significant 
degree of constructive alignment was achieved. 
I t is not suggested that similar results could not have been achieved without 
the use of computer-based materials. Their use, however, was integral to the 
delivery method adopted and the results are successful. I t cannot be claimed 
that their use was essential to achieve the outcomes which were achieved. Nor 
is it suggested that their use, by itself, could be sufficient to achieve these 
outcomes. The conclusion is that the use of computer-based presentation 
materials can play a significant role in an effective pedagogy. 
The computer-based material was used extensively for whole-class teaching. 
Individual support, however, was also provided. The contribution from each of 
these aspects has to be complementary, or aligned. 
My thesis is that computer based presentation materials provide an additional 
medium, making the subject of interest to a wider audience. 
A relevant question for teachers is, 'Am I trying to help students to construct 
their own knowledge and understanding, or am I trying to give them my 
knowledge and understanding?' Presentations are an extension of the 
presenter and ideally are customised to the audience. The medium through 
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which the presenter communicates can enhance or diminish the 
communication. 
Media types include spoken, writ ten, pictorial, animated, interactive. 
Animation and interactivity can be provided by computer-based material, 
which need not displace existing media. Computer-based presentation is an 
effective medium with its own characteristics. I t is a creative tool for teachers 
to express themselves visually. As with any medium, the teacher needs to feel 
comfortable with it. The principle of Biggs's (2003, p20-22)constructive 
alignment is harmony among all elements of the learning situation. 
6.2 Pedagogic aspects 
6 .2 .1 Presentation 
Presentation material does not replace the presenter. This point is made by 
Mayes and de Freitas (2005, p l 5 ) and Webb (2005, p731). Electronic 
presentation was used extensively on the summer school in place of a 
conventional white board. The main advantage from the teacher's point of 
view was the ease of presentation. Petty (1998, p324) upholds the benefits of 
overhead projection. The use of electronic projection enhances these benefits. 
The use of prepared projection material implies that it is unnecessary for the 
audience to see the teacher writing the material onto a board. This is not a 
principle to be applied generally, but it makes a sensible criterion for deciding 
whether to use prepared projection material or to use a conventional 
whiteboard. An audience generally can read faster than a presenter can write. 
Text, mathematical expressions, equations and diagrams can be displayed 
immediately and the overall visual result of size, colour and layout is precisely 
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as planned. This represents a saving in t ime during a presentation. The saving 
in t ime, however, is less important than the removal of potential distraction. If 
it is not necessary for the audience to see the act of writing onto the board, 
then this is a distraction for both the audience and the presenter. Cleaning of 
the board is certainly an activity which does not contribute to a presentation. 
While an experienced teacher may take into account the time required for 
writing onto the board and cleaning it, this is still a constraint on the lesson 
plan and such activity can inhibit the flow of a presentation. I f periods of 
reflection or other activity are desirable within a presentation then these can 
be appropriately planned and their t iming need not be dictated by the need to 
clean the board. 
This benefit was acknowledged by student 9; "...with the software you saved a 
lot of time. So, more time-efficient" (transcript lines 609-610); 
" / t was all laid out for you. You didn't have the teacher moving from one side 
of the board to the other trying to explain something. It was there; all done 
for you and step by step what you wanted; you could always go back and 
could go forward" (transcript lines 629-632). 
6.2.2 Step-by-step construction of processes 
Four students (IDs 6, 8, 9 and 13) identified the step-by-step simplification of 
processes as being beneficial. The use of computer-based material to achieve 
this is a natural development of the techniques of overlaying and combining 
acetate sheets advocated by Petty (1998, p324). Computer-based material, I 
would contend, requires less effort of the presenter at the t ime of presentation 
and gives a clearer illustration to the audience than acetate sheets. Standard 
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computer software facilitates the production of high quality text and diagrams, 
even for people with limited drawing skills. Rather than print from the 
computer onto acetates, it seems logical to project directly from the computer 
to the screen, thus reducing the preparation t ime and the material required. 
6.2.3 Differentiated pedagogy 
From Table 4.1 in Chapter 4 it can be seen that the range of mathematics 
qualifications of the summer school students is wide; 3 students had GCSE/0-
Level grade B; 3 students had GCSE grade C; 1 student had GCSE grade D; 3 
students had a CSE or GCSE in a maths related subject and the remaining 5 
disclosed no formal mathematics qualification at all. 
There is striking contrast in the profiles of student 11 and student 14. The 
former was male, aged 44, had been good at maths at school, held a grade C 
GCSE in mathematics and a Higher National Certificate, and had confidence in 
his abilities. The latter was female, aged 18, had no formal qualification in 
mathematics, and initially had little confidence in her mathematical ability. 
Student 14 declined to take part in an interview but completed an end of 
course feedback questionnaire. Her test score for the final test was 
significantly higher than for the daily topic tests, indicating an improvement in 
mathematical skills. Her feedback questionnaire indicates a significant change 
of attitude towards mathematics. Before the course she believed that she 
could not do maths and now she believes that she can. 
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I t is possible that the transformation in student 14 could have occurred on a 
different course, in a different place with a different tutor using different 
methods. 
The point of this thesis is that computer-based presentation material was an 
integral part of the pedagogy used on the summer school and therefore it 
made a contribution to the engagement in mathematics of students with a 
range of different profiles. 
The principle of differentiated pedagogy can be seen in the software used to 
illustrate transposition of equations. Figure 6.1 shows the final three slides of 
a presentation illustrating the transposition of the equation,/? = 4y - 2, to 
make 3; the subject. For some students it would be sufficient to show only 
three lines of working, 
p = 4y-2 
p + 2^4y 
p + 2 
and to provide a verbal explanation of the progression from one line to the 
next. For other students the inclusion of the intervening line, 
/7 + 2 = 4 y - 2 + 2, showing explicitly the operation would be helpful; for 
others it might be essential. This intervening line serves not only as a 
stepping-stone to the next line. I t emphasises the concept of balance between 
both sides of an equation; operations applied to one side must also be applied 
to the other. In the Introduction, attention was drawn to experience that 
difficulties could arise from misuse of the dubious concept of moving terms 
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from one side of an equation to the other. Absence of the intervening lines 
tends to suggest this process, 'change the side - change the sign'. The use of 
projection technology allows intervening steps to be included with minimal, if 
any, disadvantage to those for whom they might not be absolutely necessary. 
A similar illustration is shown in Figure 3.2 for solving equations. The purpose 
is to provide adaptable access to the same destination, just as a steady 
incline, or ramp, provides access for wheelchair users but does not prohibit 
walkers. For some students the intermediate steps in Figure 6.1 need not be 
explicit: they do not need to see them in writing. Seeing these steps in 
writ ing, however, is not a disadvantage to such students. Promptness of 
presentation ensures that for such students a minimum amount of t ime is 
spent on activity which is unnecessary for them, but which is helpful for 
others. I f a conventional whiteboard were used, then writing the intervening 
lines would certainly take more t ime, which is a potential source of distraction 
for any student who does see them as essential, and possibly also for others. 
Petty's (Petty 1998, p337) criterion for making use of computers is whether or 
not they do something that needs doing. Widening participation in Higher 
Education needs differentiated pedagogy and the use of computer-based 
presentation material can facilitate the use of differentiated pedagogy. 
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Figure 6 .1 : Differentiated pedagogy 
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6.2.4 Design of computer based learning materials 
With overlaid acetate sheets there are practical limitations on what can be 
achieved. If the desired effect is excessively complex then the manipulations 
of the acetate sheets can become a distraction for the audience. A principle 
that emerges here is that during a presentation the audience need to see the 
subject matter, but not the mechanism of presentation. Criticism from 
studentlO (transcript lines 667-672) arises from the fact that he was 
distracted by information on the screen that was needed by the presenter but 
which was not necessary for the audience. The topic was indices and this piece 
of software has now been redesigned. 
Table 5.6 lists the reasons given by students why they considered sessions or 
presentations to be helpful. Of the six students (IDs 1, 3, 9, 10, 13 and 14) 
who specifically mentioned electronic resources, five (IDs 1 , 9, 10, 13 and 14) 
implied that the helpfulness was related to how it was used by the tutor. Three 
other students (IDs 5, 6 and 8) specifically mention activities of the tutor. This 
supports Laurillard's (1993 p215/6) view that the success of new-technology 
materials depends largely on how they are integrated into a course and that 
this must be taken into account when the materials are designed. 
Three students (IDs 6, 13 and 14) identified the aspect of step-by-step 
simplification. I t is possible that others may have benefited from this aspect 
but they did not specifically allude to it in their responses. Nowhere in the data 
is there any pejorative reference to this aspect. Other students (IDs 3, 5, 8, 9, 
10) used phrases that implied the enabling of understanding: "very clear". 
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"Good communication", "explaining...simpler", "explained properly" and 
"helped me get my head around". 
All of the computer-based presentation material used on the summer school 
had been created by the tutor delivering the course. In designing the material 
it was intended that students, having seen the material used during a lesson, 
would also be able to use it by themselves for revision. Therefore, the material 
had to be simple to use, requiring no more than elementary computer skills. 
Forster (2006, pl57) describes the considerable amount of technical 
instruction and direction provided by a teacher during a lesson where graphics 
calculators were used to good effect to illustrate the principles of linear 
regression of scatter graphs. The teacher also used material (Java applets) 
from the internet which facilitated dynamic manipulation of two scatter 
graphs. The output from one calculator and the applet graphs were projected 
onto a screen. The materials used fall into two distinct categories. The 
dynamic graphs (Java applets) are primarily illustrative, teaching/learning 
resources, although it is conceivable that they may also be used as statistical 
tools in a limited context. The graphics calculator is primarily a tool for 
mathematicians, but can also be used for illustration and teaching. Webb 
(2005, p707) writes of'affordances' of technology. In very simple terms an 
affordance is an opportunity for learning. The usefulness of an affordance is 
dependent on two factors, its visibility and the level of proficiency needed to 
pursue the affordance: the student has to have awareness of the opportunity 
and ability to make use it. 
Increasing the number of affordances necessitates the implementation of 
mechanisms for accessing them. In computer software the drop-down menu 
171 
has become ubiquitous. On keyboards for computers and calculators different 
keys or combinations of keys are used to facilitate different functions. Forster 
(2006, p l 57 ) indicates that the complexity of a resource, in this case a 
graphics calculator, can be a barrier to learning: the affordance is not highly 
visible and the students need detailed instruction on how to make use of the 
affordance. O' Reilly (2005, p75) describes a similar experience when a group 
of trainee teachers used spreadsheets to teach mathematics. Both studies 
(O'Reilly 2005; Forster 2006) also report benefits from the use respectively of 
graphics calculators and spreadsheets and do not suggest that they are 
unsuitable as classroom resources for teaching and learning. From these 
studies (O'Reilly 2005; Forster 2006), however, it seems likely that the 
students could have had difficulty in making use of these resources by 
themselves immediately subsequent to the lesson, had they been expected to 
do so. 
What has been attempted in the summer school is to use material with 
affordances that are highly visible and require minimal proficiency. This 
necessarily reduces the range of affordances offered by any one piece of 
material. 
Clearly there is a need for further research and development of computer-
based presentation material which can provide affordances appropriate for the 
increasing proportion of the population now entering Higher Education. 
6.3 Key findings 
The key finding of this study is that the use of computer-based presentation 
materials can make a recognisable contribution in effectively engaging in 
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mathematics a group of adults of widely differing levels of confidence and prior 
mathematical attainment. In the terminology of Biggs (2003, p20-22) the use 
of computer-based presentation materials can make a contribution towards 
constructive alignment. 
The main criterion in deciding whether to project prepared material or to write 
onto a whiteboard is whether or not there is a benefit for the audience in 
seeing a person writing onto a board. 
In Chapter 3, three categories of presentation material are described which 
have respectively increasing potential for providing affordances for learning, 
basic, illustrated and interactive. 
A vital aspect of the material used appears to be the facilitation of 
differentiated pedagogy. Some students on the summer school identified the 
step-by-step illustration as being particularly beneficial. Those who did not 
identify it as such did not indicate any aversion for this level of simplification. 
6.4 Summary 
In his concept of constructive alignment Biggs (2003, p20-22) has recognised 
the need for harmony between tutors, students and the learning environment. 
Petty (1998) has outlined teaching methods for appealing to a wider audience. 
Computer based presentation material provides a development in the media 
available to tutors to assist them to reach a wider audience. The success of 
this media depends very much on how it is implemented. This study has 
shown that it is possible to make use of computer-based presentation material 
to the benefit of some, without detriment to others. 
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This study affirms the following pedagogic principles with respect to computer-
based presentation materials. 
• The material does not replace the presenter. How it is used is at 
least as important as the material itself. 
• Established principles, such as those described by Petty (1998) for 
creating effective presentation materials, are relevant regardless of 
the medium. 
Make sure the design: 
uses a minimum of words 
is uncluttered 
is eye-catching 
Highlight important words 
Too many colours on a sheet are confusing, 
unless there is a clear purpose for each 
colour. (Petty 1998, p323) 
• Presentation mechanisms should not distract from the information 
being presented. The design of computer-based material should 
seek to minimise the visibility and/or intrusion of control 
mechanisms used by the presenter. 
• The presenter must be comfortable in using the material and the 
medium. I f this condition is satisfied then projection of computer-
based materials can make a valuable contribution to pedagogy. 
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• Computer-based presentation materials can readily facilitate step-
by-step simplification of processes. I t can make it possible to 
illustrate a topic to a degree necessary to include all members of an 
audience without disadvantage to those who might be satisfied with 
a lesser degree of elucidation. I t thus facilitates differentiated 
pedagogy. 
• Criteria for choosing between using a conventional whiteboard and 
the electronic projection include 
• Is it necessary for the audience to see a person writ ing 
and/or drawing on the board? 
If it is not necessary then electronic projection offers the 
benefit of eliminating an unnecessary and potentially 
distracting activity. 
- Is it known in advance what words, diagrams and/or 
examples will be displayed? 
The need to respond to questions from the audience might 
preclude the prior preparation of some material. A 
conventional whiteboard facilitates illustration arising from 
interaction with the audience. I t is, however, possible for 
this immediacy to be achieved through electronic 
projection. Some of the presentation software listed in 
Appendix H provides a degree of interactivity that allows 
spontaneous illustration of examples conceived during a 
presentation. An example is described in section 3.3.3. 
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Chapter 7: Concluding observations 
7.1 The initia! problem 
The mathematics problem highlighted by Savage et a! (2000, piii) suggests an 
uncertain future for mathematics as part of the curriculum. The problem, 
however, is complex. While some aspects of the problem may be peculiar to 
mathematics, there are aspects that affect education generally. In the second 
half of the 20^^ century the proportion of the population entering higher 
education has increased dramatically as shown in figure 2 . 1 . Well-intentioned 
changes to the delivery and assessment of primary and secondary education 
have led to calls for a period of stability (Burghes ef al. 2004, p642). I f 
mathematics has particular problems then these problems have been 
enveloped in the wider problem of making higher education accessible to a 
greater proportion of the population. 
7.2 A wider perspective 
Selection for entry to Higher Education is ostensibly by academic ability. I t is 
realistic that social and cultural factors may also influence perceptions of 
eligibility to enter Higher Education. This is recognised in the government 
initiative. Widening Participation (DfES 2003b, p2), which seeks to encourage 
a wider section of the population to consider entering Higher Education. Thus, 
entry requirements for Higher Education may be seen as a filter comprising 
stipulated (academic) criteria and perceived (social and cultural) criteria, 
including perceptions about the process of learning. 
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At the start of the 20'*^ century approximately 25 thousand people passed 
through the filter for entry to Higher Education (Robbins 1963). By the middle 
of the century the figure had risen steadily to 122 thousand, an average 
increase of around 2 thousand per year during the first half of the century. 
To achieve growth in any institution, either there needs to be an increase in 
the number of applicants whose characteristics allow them to pass through the 
selection filter, or the filter can be changed, in which case the institution needs 
to modify its activities to accommodate the different characteristics of the 
people it has admitted. 
I t is conceivable that, in the first half of the 2 0 * century, institutions of Higher 
Education could absorb and assimilate the steadily growing number of 
students passing through the selection fi lter: the filter may have opened a 
little but essentially the increased number could have adapted and conformed 
to existing practices and cultures within Higher Education without greatly 
impacting on the identity of Higher Education. 
By the end of the century the number of students in Higher Education had 
reached more than 2 million, an average growth rate of approximately 38 
thousand per year during the second half of the century. 
By recommending dramatic growth in the proportion of the population 
entering Higher Education, the Robbins (1963) report effectively changed the 
fi lter for entry into Higher Education. Savage et al (2000, piii) cite, "an 
increasing inhomogeneity in the mathematical attainments and knowledge", 
and show a graph of declining performance of the student intake at York 
University from 1979 to 1999 (Savage et al. 2000, p26). 
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7.3 Implications for teachers 
As the educational aspirations of a wider section of the population are raised, 
educational establishments must accommodate a wider range of students. 
Pedagogy that may have been adequate for a small selected proportion of the 
population may not be adequate for the target of 50% of the population (DfES 
2003a, p57). There has to be what Biggs (2003, p20-22) calls constructive 
alignment; harmony among the teacher, the students and the learning 
environment. Cockcroft (1982, p71) held that teaching needed to be related to 
the abilities and experience of both teachers and pupils. Clearly, teachers need 
to be engaged in the development of pedagogies to meet the aspirations of 
students. Smith (2004, p l 6 0 ) indicates a belief that ICT can be used to 
enhance the teaching of mathematics. 
7.4 The use of electronic presentation materials 
As a medium, electronic presentation provides potential for versatile 
pedagogy. Despite their very different profiles, described in chapter 5, all 
students who completed the summer school considered that they had 
benefited from it. 
While enthusiasm for electronic presentation was greater in some students 
than in others, no student on the summer school considered that its use had 
been detrimental to their learning. 
The study has shown that electronic presentation materials, embedded within 
pedagogy, can assist in the achievement of constructive alignment with 
students of very different backgrounds within the same group. The study 
found no evidence that its use had impeded the achievement of constructive 
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alignment for any of the students. I t is, however, imperative that the teacher 
feels comfortable in using the material, or in Biggs's terminology, there is 
constructive alignment. 
Principles of effective pedagogy are known (Bloom 1956; Piaget 1971; 
Laurillard 1997; Petty 1998; Biggs 2003; Burghes et al. 2004). These 
principles are applicable to electronic projection as much as to other 
presentation media. 
In order to realise the pedagogic potential of electronic presentation materials 
continuing staff development in their use and further research into their design 
are necessary. 
7.5 Questions for further research 
The materials used do not represent f inal, fully developed products. The 
software for illustrating indices has been comprehensively modified in the light 
of feedback from the summer school. 
Useful further research could identify differences and similarities of perception 
gained by students attending the same presentation. I t would be useful to 
identify characteristics of mathematics presentation materials which are 
conducive to assimilation of mathematics by different students. 
The aim of such research would be to identify ways of presenting mathematics 
topics to make them accessible to as wide an audience as possible without any 
member of the audience perceiving the presentations to be insufficiently 
fulfil l ing. 
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Appendix A: Application for Ethical Approval 
UNIVERSITY OF PLYMOUTH 
FACULTY OF TECHNOLOGY 
. B « ,^ 
Faculty of Technology Ethics Committee (FTEC) 
APPLICATION FOR ETHICAL APPROVAL OF RESEARCH OR OTHER PROJECTS 
INVOLVING HUMAN PARTICIPANTS 
In completing this form reference should be made to Faculty Procedures and the 
University of Plymouth document Ethical Principles for Research Involving Human 
Participants 
Title of Research: 
1. Nature of Approval Sought (please tick relevant box) 
RESEARCH X OTHER PROJECT: 
Please tick which category: 
Funded Research Project 
MPhil/PhD Project 
Other Project (please specify below): 
X 
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2. Name of Principal Investigator or Project Leader or Director of Studies*: 
(Name of Director of Studies is required where Principal Investigator is a postgraduate 
student) 
Ted Graham 
Contact Details**: Room 114, Mathematics and Statistics, 2 Kirkby Place. 
e.graham@plymouth.ac.uk 
*Principal Investigators, Directors of Studies and Project Leaders are responsible for ensuring that all 
staff employed on research or projects (including research assistants, technicians and clerical staff) act 
in accordance with the University's ethical principles in the design and conduct of the research or 
project described in this proposal and any conditions attached to its approval. 
**Please indicate department of each named individual, including collaborators 
external to the Faculty. 
3. Funding Body and Duration of Project/Programme with Dates: 
June 2002 to June 2006 
4. Aims and Objectives of Research Project/Programme: 
To identify how the incorporation of technology in teaching methods might assist or 
impede the use of higher cognitive procedures within a particular group of students. 
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5. Brief Description of Research Methods and Procedures: 
Please specify subject populations and recruitment method. Please indicate also any 
ethically sensitive aspects of the methods. Continue on an attached sheet if required. 
Subject population: Students attending a two-week summer school in Basic 
Mathematics as preparation for entering the Foundation Pathways course. 
Data will be collected through the following media. 
Initial questionnaire (Attached). 
Interviews. (Attached + briefing) 
Course feedback questionnaire (Attached). 
Results from assessment which form part of the course. 
All students will be invited to participate. Please see attached invitation. 
6. Ethical Protocol: 
Please indicate how you will ensure this research conforms with each clause 
of the University of Plymouth's Principles for Research Involving Human 
Participants. Please include a statement which addresses each of the ethical 
principles set out below. 
(a) Informed Consent: 
Invitations to participate will ask for participants' written consent to use data relating 
to them. 
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(b) Openness and Honesty: 
The purpose of the research will be explained on the invitation to participate. 
Invitees will be able to ask questions of the researcher before agreeing to 
participate. There is no reason for any information to be withheld from participants. 
Throughout the period of data collection participants will have the opportunity 
to ask questions about the project and to withdraw if they wish. 
Note that deception is permissible only where it can be shown that all three 
conditions specified in Section 2 of the University of Plymouth's Ethical 
Principles have been made in full. Proposers are required to provide a 
detailed justification and to supply the names of two independent assessors 
whom the Sub-Committee can approach for advice. 
(c) Right to Withdraw: 
Immediately before any interview is conducted or any questionnaire issued, 
participant will be reminded of their right to withdraw. 
(d) Protection From Harm: 
The project will not introduce any physical hazard. 
Interviews will be conducted with sensitivity. 
(e) Debriefing: 
An account of the purpose of the study and its procedures will be provided at the 
commencement of the project. 
(f) Confidentiality: 
Transcriptions of interviews will be encoded so that no written record of the 
participant's name and data exist side by side. 
Data entered into a computer will be encoded; names will not be included in data 
records. 
(g) Professional Bodies Whose Ethical Policies Apply to this Research or Project: 
No other Professional body is involved. 
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7. Declaration: 
To the best of our knowledge and belief, this research or Project conforms to the 
ethical principles laid down by the University of Plymouth and by the professional 
body specified in 6 (g). 
Principal Investigator: 
Other Project Leader: 
Director of Studies 
(where Principal 
Investigator is a 
postgraduate student): 
Name Email (s) Date 
Brian Watson bwatson@plymouth.ac.uk 15/7/2005 
Ted Graham e.graham@plymouth.ac.uk 15/7/2005 
Completed Forms should be forwarded BY EMAIL to the Secretary. These will be 
forwarded to members of the Committee. Responses will normally take two weeks 
to process so please ensure applications are submitted in sufficient time for 
approval to be considered before the start of the proposed research or project. 
You will be notified by the Ethics Committee once your application has been 
considered and approved. 
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Appendix B: Invitation to participate 
Invitation to participate in a matliematics research project 
As a student on the Foundation Pathways Summer School you are invited to 
participate in a research project to investigate the use of computer based material 
for teaching mathematics. 
An outline of the project is given on page 2. 
You are not obliged to take part in the project, but your assistance will be very 
much appreciated and may influence educational developments within the 
University of Plymouth. 
If you are willing to participate please sign the consent below. 
I consent to data relating to me being used anonymously in this research project, 
entitled 'An investigation into the use of computer based material for teaching 
mathematics'. 
Name: Signature: Date 
If, at any time during the Summer School, you inform us that you do not wish to 
participate, then this consent form will be returned to you and data relating to you 
will not be used in the project. 
Main researcher 
Brian Watson 
Room 101 
Centre for Teaching Mathematics 
3 Kirkby Place 
University of Plymouth 
Email: bwatson(5).plvmouth.ac.uk 
Tel. 01752 232776 
Supervisor: 
Dr E Graham 
Room 114 
Centre for Teaching Mathematics 
3 Kirkby Place 
University of Plymouth 
Email: egraham(a)plvmouth.ac.uk: 
Tel. 01752 232773 
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Outline of research project 
Project title 
Purpose 
Participants 
Duration 
An investigation into the use of computer based material 
for teaching mathematics. 
The role and use of technology within education is 
expanding. 
An area of major interest and importance to the Centre for 
Teaching Mathematics is how technology can be used 
effectively to improve conceptual understanding of 
mathematics. 
This research will assist in identifying how the 
incorporation of technology in teaching methods might 
assist or impede students' understanding of mathematics. 
This project forms an element of Brian Watson's studies 
for the award of Master of Philosophy. 
All students on the Foundation Pathways Summer School 
will be invited to participate. 
Participants will be asked 
to complete a questionnaire at the start of the course, 
to be interviewed to find out their views on mathematics 
and aspects of the course. Interviews will be tape 
recorded and then transcribed into a text format. 
to complete a questionnaire at the end of the course. 
Names will not be included in any analysis of the data. 
Participants are assured of confidentiality and anonymity 
in any analysis or processing of the data. 
Participation or non-participation in this research project 
will not be used to assess any student's achievement on 
the Summer School. 
Data will be collected during the Foundation Pathways 
Summer School, held in the first two weeks of September 
2005. 
It is expected that analysis of the data will be completed 
by 1^'January 2006. 
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Appendix C: Interview Briefing 
Interview Briefing 
Thank you for agreeing to take part in this study. 
The purpose of this study is to find out whether you found the computer based 
material helped you understand Maths. 
I am not looking at your Maths ability, and will not be assessing your Maths, rather 
I just need to find your opinions about how you felt about the computer based 
material helped you understand Maths. 
As I will be asking you some questions about your opinions, there is no wrong or 
right answer (as you normally find in Maths questions), rather it is just your 
opinions which we would like to find out about. 
To help me collect your opinions I will be tape recording your answers. The 
answers will then be transcribed into a text format. 
To ensure that ail your answers are confidential no one else will be able to hear 
the tape recording. The transcribed text will only be identified by student A, student 
B etc. Your name will not appear next the text. None of your answers will be kept 
on your student record. The tape will be erased once we have transcribed your 
answers. 
You do not have to answer all the questions, and if you would prefer not to answer 
any particular question, just say so and we will move on to the next question. 
At the end of the questions, if you feel that you do not want your answers to be 
used in our study just say so and we will erase the tape. So even though you have 
consented to take part in this study you can withdraw at any time. 
Are you happy for us proceed with the questions to tape record your answers 
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Appendix D: Initial survey 
Feelings about mathematics 
The purpose of this questionnaire is to find out how you feel about mathematics. It 
forms part of a research project investigating the use of computer based material 
for teaching mathematics. 
You are not obliged to complete the questionnaire, but your assistance will be very 
much appreciated and may influence educational developments within the 
University of Plymouth 
Your response to this questionnaire will not be used to assess your performance in 
your studies. 
Name: 
Your name is required on this front sheet In order to link responses to this 
questionnaire with other responses which you may provide later. 
Names will not be included in any analysis of the data. Individuals are assured of 
confidentiality and anonymity in any analysis or processing of the data. 
Brian Watson 
Centre for Teaching Mathematics 
3 Kirkby Place 
University of Plymouth 
Email: bwatson@plymouth.ac.uk 
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Mathematics at school 
For questions 1 to 4 please tick or cross the statement which is most appropriate 
for you. 
1. Please tick one box 
At school 1 wasn't very good at maths, probably in the 
lower half of the class. 
At school 1 was OK at maths, probably about the 
middle of the class. 
At school 1 was good at maths, probably in the top half 
of the class. 
2. Please tick one box 
At school 1 enjoyed mathematics most of the time. 
At school 1 enjoyed mathematics sometimes. 
At school 1 rarely enjoyed mathematics 
3. Please tick one box. 
At school 1 usually liked solving mathematical 
problems. 
At school 1 didn't mind solving mathematical problems. 
At school 1 didn't usually like solving mathematical 
problems. 
4. Please tick one box. 
At school 1 usually liked questions that asked you to do 
something specific, (for example, "Calculate the 
number of..." 
At school 1 didn't mind questions that ask you to do 
something specific. 
At school 1 didn't usually like questions that ask you to 
do something specific. 
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Ideas about maths 
For questions 5 to 7 please tick one box to show whether you agree with the 
statement. 
5. You don't need to understand maths as long as you know the rules or the 
relevant formula. 
1 agree 
I'm not sure 
1 disagree 
6. You need a good memory to be good at maths. 
1 agree 
I'm not sure 
1 disagree 
7. You need to have a good teacher to be good at maths. 
1 agree 
I'm not sure 
1 disagree 
Experiences 
8. Can you think of a particular experience which made you like maths? 
Yes 
No 
9. Can you think of a particular experience which made you dislike maths? 
Yes 
No 
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The summer school 
10. What is your intended subject area on completion of the Foundation Pathways 
in Technology course? 
School of Computing, Communications and Electronics 
School of Mathematics and Statistics 
School of Engineering 
Don't yet know 
11 .What do you expect to gain from this summer school? 
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Appendix E: Course feedback questionnaire 
Course feedback 
The purpose of this questionnaire is to find out how appropriate this course has 
been for you and to identify possible changes we could make to improve the 
course. 
You are not obliged to complete the questionnaire, but your assistance will be very 
much appreciated and may influence educational developments within the 
University of Plymouth 
Your response to this questionnaire will not be used to assess your performance 
on the course. 
Name: 
Your name is required on this front sheet in order to link responses to this 
questionnaire with other responses which you may have provided as part of a 
research project investigating the use of computer based material for teaching 
mathematics. 
Names will not be included in any analysis of the data. Individuals are assured of 
confidentiality and anonymity in any analysis or processing of the data. 
Brian Watson 
Centre for Teaching Mathematics 
3 Kirkby Place 
University of Plymouth 
Email: bwatson@pIymouth.ac.uk 
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Level of difficulty 
1. Was there any topic or part of the course which you found particularly difficult? 
If yes, please indicate which topic(s) in the table below. 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Tick if particularly difficult 
What could have made it easier? 
How could you have been helped? 
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2. Was there anything that you think you could have understood better had it 
been presented differently? 
If yes, please indicate what 
Topics/Sessions What differences would you have preferred? 
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3. Were there any topics which you found easy? 
If yes, please indicate which topic(s) in the table below 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Tick if 
easy 
For topics that you have ticked. 
Had you done 
this before? 
Y/N 
For you, could the 
time spent on this 
have been reduced? 
Y/N 
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4. Was there any topic where the presentation was particularly helpful to 
understanding? 
If yes, please indicate which topic(s) in the table below. 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Tick if appropriate 
What aspect made it helpful? 
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Content 
5. Do you think any of the topic areas should have been omitted? 
If yes, please indicate which topic(s) in the table below 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Tick if you think topic should 
have been omitted 
If possible please indicate why you think the topic area(s) should have been 
omitted. 
6. Were there any topic areas, which were not included, which you think should 
have been included? 
If yes, please list any topics and if possible, briefly indicate why you think they 
should have been included. 
203 
Delivery 
7. Were there any topics or sessions which you consider could have been 
presented better? 
If yes, please indicate which topic(s) in the table below. 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Tick if topic could have been presented 
better. 
If possible please indicate why 
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8. Were there any topics or sessions which were particularly effective for you? 
(If yes, please indicate which topic(s) in the table below. 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Tick if particularly effective 
If possible please indicate what made them particularly effective. 
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9. Did you find the use of computer based material for presentation by the teacher 
helpful? 
(Please tick one box for each topic) 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Yes No Don't know/not applicable 
Please add any comment which you think appropriate 
206 
10. Did you find computer based material used by you helpful? 
(Please tick one box for each topic) 
Topic areas 
Fractions 
Negative numbers 
Expanding brackets 
Linear equations 
Equations from formulae 
Forming equations 
Rearranging formulae 
Indices 
Graphs 
Trigonometry 
Yes No Don't know/not applicable 
Please add any comment which you think appropriate 
11. How much time did the teacher spend speaking/explaining? 
(Please Tick one) Please add comment if appropriate. 
Far too much 
A little too much 
About right 
Not enough 
Not nearly enough 
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12. How much time did you have to reflect on the subject and practice by doing 
examples and exercises? 
(Please Tick one) Please add comment if appropriate. 
Far too much 
A little too much 
About right 
Not enough 
Not nearly enough 
13. How was the balance between presentation/talk by the teacher and time to do 
examples and exercises? 
(Please Tick one) Please add comment if appropriate. 
Too much teacher presentation 
About right 
Too much time on exercises. 
14. How much individual support did you get? 
(Please Tick one) Please add comment if appropriate. 
Too much 
About right 
Not enough 
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Assessment 
15. Did the assessment reflect the content of the course? 
(Please tick 'Yes' or 'No') 
16. Did the assessment reflect the level of the course? 
(Please tick 'Yes' or 'No') 
17. Do you think that the type of assessments were appropriate? 
(Please tick 'Yes' or 'No') 
18. Please indicate any aspect of the assessment which you think could be 
improved or which you think was not entirely appropriate. 
Yes 
No 
Yes 
No 
Yes 
No 
Benefit 
19. What benefit do you think you have gained from this course? 
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Appendix F: In te rv iew prompts 
BODMAS 
(4 + 1) X 2 - 20 ^(7 - 3) •»• 4 X 3 - 8 
5 x 2 - 20 ^ 4 + 4 x 3 - 8 
10 - 5 + 1 2 - 8 
Order: 
{ ) brackets first 
^ X tfien division & multiplication 
+ - tlien addition & subtraction 
\4\ < 
= 9 
E^'jl: 1 
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Fractions 
JIEI .UCI D/ l r ls . i l i IHsoil-anli] 
S ] ^ ^ 1^« ^ » n FQflM Trxb ^ a I ^ M V [ H I 
.l^Jll^-" ol Irarlkini 
fr is-» 
Grid Bizs: 5 x4 
\ \ 
Grid size; 5 x4 
4 + 5 = 9 
20 20 20 
Each fraction is expressed as the number ot shaded boxes / gnd size. 
Grid size is 20. which Is (he Lowest Common Miitipte of 5 and 4. 
* . A 
1 
2 1 1 
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Equations 
bxmiiiflc -
4x-7- = A'+14-v 
3X-7-7 - 14+7 
3x 21 
= 7 
siihliJicr V liuin hulli siitcs 
simplit> 
;ILKI "^  \o both suk'S 
simplify' 
J i \ till.- luitli SKICS h> > 
simplil\ 
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w 
• ^ y V s^ 
-i\:\iK r^? si,Lidric 
7 
-2 
ISi '™* - a . 
,-3 .J i 
5x+ 2 
-2 
5y 
Eree' sropsiaOQnlQbepe^onned 
onbotti ^ Oa? otttie Muanon 
GO 
« Donwistraiior 
>" Examples wiltiV or tnwi sides Kaweiampla Owneiampe snomnotv 
Sran again 
Eiiit 
DV" [) <^f<A»- * - i i - a . - = ^ HI 
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Transposing formulae 
y 
y 
e 
y 
\ 
= (b + c) e 
• . . - 1 ' , ' 
= (b + c) 
— i ' ~ • 
c = h 
reir^h^ 
' 
rwi 
6 = ? 
- 1' Itnlh ni(i>'s 
siiuplify 
- (• iutlii sii/fs 
.siuipUfy 
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Indices 
::• uu (di.rr [.111 irc'trs.xis JJIMLI yri.i 
^ ^ (•• ^ - r tavl Fond l o ^ Q^n t^^ tfOH Ifi^ 
D e: y a ! « « S X ^ S - ••* 
• j 1 . -^ ^ * : j i * i»J - • 
cig • * 
T - iS S ?-
_ - » - 4 - : 
Indices 
I a totne power 2 -^ 
B is Ihe nufnbsr. 2 Is ihe Indax. 
2 
a means a x a 
J _j 
T=r 
•>Kh> 
IK 
'si 
11' 
,(3 
| A 
•1- t*}('oij'-. l>(.i-l l i*Tp[Hl 111 [kMd Orilyl 
tei«« - 0 -
S 9 ''k 
Examples • TvpB 1 ^ Type I '" Tyoe 3 " Tjpe 4 
3 B 
a a 
11 
a 
Sdcmansviw 
i.u_ 
_ - * - i - : 
I? 
a 
±1 
m 
A 
a 
J jtir 
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i l UKroion IJICII L:i«np)DT m {k«fl<] Oi|vJ 
8 ] ^ l/t fm f w " fvmtt lab tM> »<>•• BW 
. — ^ li.- . " I H /" n m ^ X 
7 r - S 
• * i - : 
Examples • Type 1 « Type I ^ Type 3 "Typ«.1 
fit 
a 
« 
iw>' ti "IPS-*- N •« aoa- * o I -' ». J-4..S 
Siotv BisyHW 
E ' 
fF 
I -
,P 
n 
|« 
l a 
a 
I ft 
lA 
I ±ir 
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Graphs and equations 
Mathematical definit ion 
Any 2 points 
Heigfit (vertical) 
bisTQiKe (horizontal) 
Gradient = 
Height 
Distance 
Example 3 1 
Exniuple _ 
Example 1 J 
Example 4 
Example 5 
Esampk 6 
w 
To position the marker, i • ) 
' antar coordinates. 
T,- f 4| V,' 13 
or use mouse. 
•5 
1 
1 
-4 • 3 
\ 
•1 
\ 
',' 
J_ 
O . 
n 
' 
, 
. 1 
-5 
> 
—T - y r-3 
1 
* 
i 
i 
-^ .V 
i 
' DBmonaratron 
6«t I 
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S- MKrO^off i M e l ?0U m c ris [FEstd Onf^l 
o i i £ y q a[% 
» ^ Equalioft i) l B Ima 
ijlOCM. • @ . 
u j o ^ ^ ^ S i - * ' c * - i ' : 
Equation of a line 
wai t I r f< ;Bi»M]gf t« faM| 
' fa 
A 
W 
•ir_ 
1 '^ PriErQiulf r i c f f l Iplt IT L i l l ; tUad ^ P I T ] 
Q ^ B* V p o t F^iM sub VD jfrOB t ) ^ 
D 1 ^ y « s [ ^ 
* 
•i; i . ifctaiitm - £3. 
a y a ^ ^ - ^ B l i j ^ x 
C - f fW 
^ . * - i - : 
1 A' 
I , 
2 
1 
4 
5 
^ D r o w b i c 
5 - 1 
4 - 2 
P Put " m " mf a cqa 
y = 2x + K 
p [CQ lcuHo te^ 
1 = 2 K 2 + K 
= 2 
— L inaar (Ljne) 
y = 23i -3 
"UJ.-
. e > . ^ - i - = s s « s ' . 
•V 
13 
u 
A 
H 
i i r _ 
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Trigonometry 
Opposite side: the side opposite the 
angle 
r/"""' 
^ ,)\)>'i 
I'f'j'-'Mly 
Opposite Side Ac^centside Hypotenuse 
Contend ' T%m*iolog; Deflrrtons E::it 
Tangent of angle A 
, . n i > . i - . | | 
tant.\)= " adincont 
a 
"b 
tanO)| 
A^ 
ctev J _ Sine 
Contents I T%rrrinok>g/ | D^nHons I 
90= 
Cosine 
E^t 
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Appendix G: Transcript of interviews 
1 Interview with Student 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
.. Can you tell me, was This is Tutor: and I am talking to 
there any topic or part of the course which you found particularly 
difficult? 
No, I just had a slight problem with the indices, that was all. 
Thinking about that, everything else was ok. 
You are looking at a list of topic areas. Are there any of the topic 
areas that stand out. 
Certainly I found the graph stuff helpful, doing it with the computer 
technology, being able to visualise the graph, how it changed and so 
on. 
Can I just look up the section on graphs? I am looking at top 
diagram page 9. This is where we started, with the gradient. Is that 
the area you are talking about? 
Yes, being able to alter the gradient and coordinates and see the 
gradient come through. 
I am looking at page 10, that was the graph one. Is that the one 
you found good? 
Yes, just being able to visualise the equations from the graphs. 
Trigonometry as well I found useful. 
I am looking at page 11, You found these slides...? 
Yes, I found those quite useful. Just to be able to imprint it on my 
mind. 
The main benefit was the visual aspect of it? 
Yes. 
Can we go back to the indices? You said you weren't happy with 
that. 
Yes, that was the only topic I found.... 
How do you feel about indices now? 
Well, having you explain it, it must have gone in and not stuck. That 
was the only one I didn't get a grasp on. 
You are going to have a test tomorrow. You are going to have a 
question on indices. How do you feel about that? 
I am sure I will be a lot better 
what about the way that was delivered? The presentations. 
I think the delivery was ok, it is just me. 
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37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
Student: 
Tutor: 
I am looking at page 7 now. We used this projection onto the board. 
At the t ime did it seem reasonable and logical? 
Yes, it did. 
But coming back to it? 
(Background noise) 
Did you use the software on logarithms? 
Yes, and I found that quite useful. 
You find that useful? 
Yes. 
Overall on the course what benefit, if any, do you think you've got 
from the two weeks? 
I've certainly recalled... I've studied all this... It 's just 
really...refreshed everything in my mind...I'm very confident, much 
more confident now... 
You said on your initial survey you wanted to brush up on your 
maths. Did you feel you've done that? 
Certainly yeh, definitely. 
Do you feel more confident at maths than you did before? 
Yeh 
Thank you . 
57 In te rv iew wi th Student 2 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
This is Tutor: and I am talking to . 
What I would like to ask you to begin wi th, was there any topic on 
the course that you found particularly difficult? 
No, not really. 
Were you fairly confident with most topics before you came on the 
course? 
Yes. 
If we look at some of these diagrams, - that's the different topic 
areas - as we go through these can you let me know if any of these 
strike you as having been particularly useful or particularly not 
useful? 
I think this one on fractions was useful. I mean, I can do fractions 
anyway. I t was just a matter of refreshing myself with this course, 
but I think this is one is set out quite well. 
I'm looking at page two. You mean this one, on addition? When you 
say it is set out well? 
The way the grids are going and the addition and the multiplication I 
think as well - yeh - you can just see it easier - I mean I can do it 
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76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
anyway - but the way it's split vertically and horizontally on these 
grids... 
Tutor: So that rang a chord with you, did it? 
Student: Yes, I think so, yes 
Tutor: You say, you could do fractions anyway? 
Student: Yes. 
Tutor: But that... 
Student: You could visualise it more, 
could visualise it I think. 
Rather than just use numbers, you 
Tutor: Do you like to visualise things? 
Student: I think you get a better understanding of it if you can visualise it. So 
it helped me probably get a better understanding - I mean I could 
come up with the answers anyway - but it helped me get a better 
understanding of them. 
Tutor: Do you remember we talked about this BODMAS rule? - Order of 
precedence? 
Student: Yes. 
Tutor: Were you familiar with that before? 
Student: Yes, but I can't really remember it - I mean I think I sort of did it 
without thinking about it but I think it was helpful that we went over 
that again 
Tutor: What about equations, were you happy with these? 
Student: I knew - I was happy with this - I knew about the balancing and 
using the algebra anyway. 
Tutor: What about transposing formula? 
Student: I'm glad we went back over this, because this is something I haven't 
done for a long t ime and I was looking through some textbooks and 
I forgot how to do some of this transposition. I would move it around 
and it would be in the wrong places. So I found this very useful 
really. I mean, I don't know if it would have made much difference 
doing it on the projector or if you just did it on the board. 
Tutor: So when you embark on the course, if you were told that the course 
was going to use this type of presentation with the projector and 
computer, you wouldn't be too bothered if you were told that was 
going to happen or whether they said, we're not going to use that; 
we're just going to use a conventional white board. 
Student: No, I wouldn't be bothered. I don't think it would make much 
difference to me - not really. 
Indices, again, I'm glad we went back over this. I've done it but it 
was along t ime ago. I enjoyed that; apart from I got slightly lower 
marks than I should have done because I should have revised for 
this. Because I found it quite easy going over it, the weekend I 
spent going through graphs and then I got a slightly lower mark than 
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119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Intervi 
Tutor: 
I anticipated. 
I enjoyed it. Graphs, graphs, this is something that I couldn't 
remember how to do. This is one of the things that I thought I need 
to go over. That's why I spent the weekend last weekend going 
through it. 
Working out the gradient? 
Not gradients. Working out the equation from graphs. I forgot how 
to do that. I got a lot from that. 
You say you got a lot from that. Do you mean this actual computer 
material or the material in the book or a bit of both? 
Both, both, definitely. 
When you say both, did you find them complementary then? 
Yeh, I think they were complementary, definitely on graphs, 
and tr ig, trig I had a good understanding about before. I've used 
trigonometry in the last couple of years anyway. So that was quite 
easy really. 
You said on your initial questionnaire, what you expected to gain 
from the course was, " to refresh my knowledge and maybe learn a 
bit more?" Do you feel that you've actually managed to do that? 
Yes, definitely. I think I would have sat the exam paper - before I 
did these two weeks - and probably got - I don't know - 75% ish 
anyway, but I've come in and I've got 92% - I mean a couple of 
mistakes I could have - I should have got 100 but -
I t definitely refreshed me and it helped me bring back some of the 
skills that I have used before and I have learnt a little bit more as 
well. We covered a bit on logarithms. It 's accomplished what I hoped 
it would. 
You say about logarithms, there was a bit of software along with 
that. 
That was helpful. 
Did you look at the CD? 
No, I should have done. 
Is there anything else that you want to mention about the course -
anything that you think might be significant? 
I don't think so. I mean, I would recommend this course for anyone 
who would like to - who's not sure of their level - or would like to 
refresh themselves like I did. I t gives you the confidence to start the 
Foundation Year. 
I feel quite comfortable now, knowing I should be alright. 
Thank you very much. 
This is Thursday and I am talking to ... 
224 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
I'm . 
I f I can start by asking you, was there any particular topic or aspect 
of the course you found difficult? Does anything stand out? 
I did have trouble with the graphs and the indices - mainly were my 
problem areas. 
Lets talk about the graphs then. Were graphs a problem before? 
You've done maths at some stage before. 
A long time ago! 
A long time ago. 
The graphs, really I just - I mean really in the end it turns out that 
it's not as hard as I thought it was, but I was always looking for 
something else I think that . . . 
You've got a test tomorrow. There's going to be a question on 
graphs. How do you feel about it? 
OK. 
OK? 
I think - I think I'll get it - the majority of it right. 
We didn't use much technology for actually teaching graphs. We did 
a little bit. Can we look at this [printed examples from material 
used]. Is that the relevant area we are talking about in graphs. This 
is, essentially graphs of straight lines. 
Yes. That actually - it appears quite - quite straightforward, doesn't 
it, like that. 
I t looks straightforward like that? 
Yes, yes 
I f you have any apprehensions about graphs, what are the 
apprehensions you have? 
What are the difficulties? - if any 
Just understanding what they want from me - even though that 
every t ime I answer the questions on graphs I seem to have got the 
correct answer. 
Do you mean the actual plotting of the graphs? Like, if you get a 
question that says, "Here's some data. Plot a graph." 
I think the equation of the line - I don't really seem to understand 
what they are asking for, although I get it right every t ime. 
Right. Lets move on from graphs. Are there any other topic areas 
which come to mind as being particularly difficult or particularly 
easy? 
Indices, changing - Indices I found quite difficult when you started 
to talk with the cube roots, and square roots and changing over, and 
brackets. Although I've got a much better understanding now than I 
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202 did before the course, I still feel that I could carry on and improve 
203 my skills there. 
204 Tutor: So, you have a much better understanding than you had before? is 
205 that what you said? 
206 Student: I have a much better understanding of basically everything in the 
207 course because I came to this class with nothing really. 
208 Tutor: Sticking with the indices then, if I can show you the page - these are 
209 some of the presentations - I'm looking at page 7, on indices. 
210 Can you comment on these? 
211 Did that make a difference one way or another? - this type of 
212 presentation 
213 PAUSE 
214 Do you remember seeing that on the board? 
215 Student: Yes, I do, I do yeh. 
216 Student: This makes sense here. 
217 Tutor: So you were happy with the basic concept of indices? 
218 Student: Yes, yes 
219 Tutor: and the simple multiplying, dividing, and the simple rules of adding 
220 the indices or subtracting the indices? Was that OK after the initial 
221 presentation? 
222 Student: Yes, no I mean I completely understood the basics of it. 
223 Tutor: So are you saying that it's when you get a fairly complicated one 
224 that you have to work out on paper and put them together? 
225 Student: Definitely. 
226 Tutor: Do you feel totally daunted by something like that? 
227 Student: No, not at all. 
228 Tutor: Again, you're going to have one in the test tomorrow... 
229 Student: I feel I can get eight out o f ten right. But I just feel I could learn 
230 more about this area. 
231 Tutor: Thinking about the course in general, you have a few reminders 
232 there. If you were going to go on another maths course and you 
233 were told that it will be presented similarly to this one - in other 
234 words, we will use the data projector and we'll use that type of thing 
235 [referring to material] - how would you feel about that? 
236 I f you had the choice of one where they were going to use this type 
237 of presentation using the projector and that type of software and 
238 there was another one where they weren't going to use it, would you 
239 have a preference one way or the other? 
240 Student: I would prefer a mixture. I feel that there is a lot to be gained from 
241 the projector and also there's a lot that would be lost in a classroom 
242 without the blackboard methods being used in certain occasions. 
243 Tutor: Would you be able to say what type of thing is gained with the 
244 projector? 
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245 Student: The questions can be put over more accurately. Whereas I think the 
246 blackboard method could be used just to - with queries that 
247 someone maybe asks the teacher to explain quickly. Things that you 
248 can't do with a projector. 
249 Tutor: On your initial survey you said what you hoped to gain from the 
250 course was a better understanding for mathematics and to overcome 
251 some previous fears in tackling equations. Do you think you have 
252 managed to achieve that? Or, do you think we have managed to 
253 achieve that? 
254 Student: Absolutely, absolutely. As I say, I came here with nothing, and since 
255 1984 - was the last t ime I did any maths at school and I didn't do 
256 very well then either, - so basically, everything that I've learned 
257 about maths I've learnt in this two weeks. 
258 Tutor: OK. thank you very much, . 
259 Interview with Student 4 
260 Tutor: This is Tutor: talking to . 
261 Tutor: Can you tell me was there any part of the course that you found 
262 particularly difficult? 
263 Student: Not really, really difficult, but the hardest bit for me was indices. 
264 Everything else was OK. 
265 Tutor: How do you feel about indices now? 
266 Student: Better than I did. It 's been made clear to me now. I think it was a 
267 case of learning the rules and understanding why we did what we 
268 did. I am a lot clearer on it now. 
269 Tutor: Did the presentation material that we used have any sort of effect on 
270 you. Did you think, "Oh, this is good", or " that was bad." 
271 Student: Yes, presentation was ok. I think we did examples as well didn't we 
272 ourselves on our disc. 
273 Tutor: That was logarithms which was very similar. 
274 Student: That is what I am thinking of. I understand what we are doing now. 
275 Yes that was good, yeh, that was OK. That helped on indices. We 
276 did A times A times A times A.... that did help on that one. 
277 Tutor: In general with that sort of presentation using the projector, did you 
278 take to that or would you think, " I 'd rather have had the 
279 whiteboard."? did it affect you one way or the other? 
280 Student: I was a little bit put off by the computer. Because my eyesight isn't 
281 brilliant, but I'm rather loath to wear my glasses, I did struggle a bit 
282 on some of them - not all of them, but some of them I did struggle a 
283 little bit. 
284 Tutor: Was that the size? 
285 Student: Yes, the size of the text and sort of some of the colours. 
286 Tutor: In general do you use a computer a lot? 
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287 Student: Yes, I do at home, yes. 
288 Tutor: Were there any topic areas where you thought the sort of 
289 presentation and the use of the computer graphics actually hindered. 
290 Student: Yes; for me personally was fractions. I just couldn't get this grid 
291 idea at all. I f anything, that actually confused me more. But then, 
292 whether it was because I already was quite au fait with fractions and 
293 you were trying to teach me another method, if you like. 
294 Tutor: I am looking at page 2 here, this is the fractions. So, that's the 
295 addition, and the multiplication 
296 Student: That actually confused things for me because I knew how to do it 
297 before and that actually...[Pointing to page]... I don't understand 
298 what you're doing there. 
299 Tutor: That is the sort of thing I want to know. Were you familiar with 
300 Bodmas before? 
301 Student: No. 
302 Tutor: You weren't? 
303 Student: No. 
304 Tutor: Are you now? 
305 Student: Yep. 
306 Tutor: Did that help? 
307 Student: Yes, totally. Yes, totally. Because now I can see where I'd been 
308 making silly mistakes over the past years and that is because of that 
309 BODMAS. I didn't know that before and that did really help. 
310 Tutor: Is there anything else about the course that you want to mention, 
311 any features either good or bad, or that you think could be 
312 improved? 
313 Student: No, not really. I thought it was really good 'cos I mean that just 
314 helped me sort of get my 'cos I thought ... I was like I was 
315 panicking a bit before I came thinking I was a bit too thick to do it. 
316 I'm thinking, "What am I doing? How do I possibly think I could do a 
317 maths degree?" and that has made me feel a lot better, a lot more 
318 confident, and just refreshed some things in my mind that I did 
319 actually know but just dragging them back from memory. D'you 
320 know what I mean. So that's just refreshed a few things. I feel a bit 
321 more confident.... 
322 Tutor: I think you said on your initial questionnaire, you wanted to brush up 
323 on your basic maths and get your brain into gear. Do you feel that 
324 you have done that? 
325 Student: Yes, definitely, without a doubt. Definitely, without a doubt 
326 Tutor: Thank you very much. 
327 Student: That's alright. No problem. 
328 
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329 In te rv iew with Student 6 
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Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
Tutor: 
Student 
This is Tutor: talking to OK, tell me, were there any topics 
on the course you found particularly difficult. 
I wouldn't say I found them particularly difficult. I think the hardest 
part on the course was definitely the fractions part. I put in my 
questionnaire as well, I think , that really was the fact that, I think 
what would have been helpful was if you had long multiplication and 
long division put in with it, because I think some of the numbers 
were quite big and considering what the topic is, it would have been 
quite easier if you had, if you could actually work with the numbers 
on paper, instead of relying on a calculator. 
So, when you come to do actual division you think that should treat 
long division as a separate topic before we do fractions? 
Is that what you are suggesting? 
Yes, I think it should either run, either before that or adjacent with 
that really. 
How do you feel about fractions now? 
Far more confident, than when I initially started them. 
Was there any particular factor you found useful in gaining that 
confidence? 
t t: Yes, I would say the whole method, the layout of all the notes and 
everything like that. I thought it was very well presented and it gave 
you great confidence, and everything was well explained. 
What I am particularly interested in, is how effective were these 
computer presentations. I f I hadn't used these computer 
presentations on the fractions, would it have made any difference? 
I wouldn't have probably said a great deal of difference. I'm not. . . I 
didn't think these boxes particularly helped. 
That is the first diagram on page 2. So that didn't help. 
No, I think the boxes confused the issue slightly, but the actual 
methods with the numbers and fractions was far better. 
What about this for addition of fractions? Was that helpful or not 
helpful? 
Yes, again that's what I mean. I don't think the diagrams are 
necessary, to be honest. I think they confuse the matter. 
Personally I think the numbers and the methods shown there are 
quite adequate on their own. 
Can you think of any topic areas throughout the week - here is a list 
of the different topic areas we went through - were there any which 
particularly stood out for a positive or a negative reason? Like, did 
you think, "Oh that's suddenly clicked," , or did you think, " Oh gosh, 
I didn't really like that."? 
For me, probably the rearranging the formula, 'cos it's always been -
maths hasn't really ever been too big a problem - but rearranging 
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373 formula has always been the part, that if anything was likely to go 
374 wrong that would be the part that would go wrong. And that's 
375 certainly cleaned that up. 
376 Tutor: You are quite happy with transposing formula now then? 
377 Student: Yeh 
378 Tutor: I f I look at... - that is an example one of the bits of software. What's 
379 your reaction to the way that was presented, using the projector? 
380 Student: It's good, 'cos it shows - from what I remember at A level, it was 
381 more or less; you would have the beginning and then you'd have the 
382 answer but you wouldn't have an explanation all the way through -
383 so that shows you step by step. So it gives you a far clearer 
384 understanding of what's actually happening. 
385 Tutor: Did you know about BODMAS? 
386 Student: No, I didn't. 
387 Tutor: You didn't. Are you happy with it now? 
388 Student: Yeh, I'm happy with it now 
389 Tutor: What did you think about the way that was presented? 
390 Student: I think it was presented very well but I'm not - the whole BODMAS, 
391 concept if you like - I'm not too sure about it - this word that is that 
392 is used to describe this - personally I wouldn't use it again. BODMAS 
393 would probably not be something that I would particularly 
394 remember. 
395 Tutor: You mean the mnemonic, the actual word, "BODMAS"? 
396 Student: Yes. 
397 Tutor: Are you happy about using the rules? 
398 Student: Yes, the rules about I'm happy. 
399 Tutor: Did you find you had enough t ime to think about or reflect on what 
400 we were doing on the course? -Thinking of the balance between 
401 doing things and being allowed to think about them. 
402 Student: Yeh, I think it was fine. 
403 Tutor: I can't remember what you said the reason - on your questionnaire 
404 we asked you what do you think you are going to gain from the 
405 course. Do you think you've got what you wanted from it? 
406 Student: Well, when I accepted coming onto the course, I thought - my main 
407 interest was what the level was going to be, required to start the 
408 foundation year on. I think without a doubt it's given me a 
409 confidence boost, 'cause I now know what sort of level I'm expected 
410 to be at for when I go onto the Foundation Year now instead of going 
411 in completely blind. 
412 Tutor: Is there anything else you want to mention? 
413 Student: No, I thought it was all very well run. I thought it's been perfectly 
414 fine. 
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This is There is the list of topics. Was there any topic or 
part of the course that you found particularly difficult? 
Not really. Initially I feared some of the topics but once I 
understood the rules that made it a lot easier for me to understand. 
I think that where I thought that I was bad at maths before, it was 
that I'd forgotten about certain rules and ways of doing things, and 
then once I re-learnt that, and it came back to me, then I was better 
at doing it. 
Was there anything you could have understood better had it been 
presented differently? 
[long pause] 
I don't think so. I think it was presented quite well. 
Was there anything where you found the presentation particularly 
helpful; where you could say, " that was good." 
[long pause] 
Just if anything stands out. I f it doesn't... 
Some of the stuff that you did on the graphs today with excel, and 
that kind of th ing, you know where you could change things 
dynamically. That made some of it easy to understand I suppose for 
the rest of them. 
What about for you? 
Well, I pretty much knew what was going on anyway. 
You were quite familiar with that already? [Silent aff irmation] 
Were there any sessions which actually stood out either because you 
found them easy or because you found them particularly difficult? 
Graphs, I found very easy. 
Had you done them before? 
Yes, not very long ago as well , that was the thing. I started taking 
an Access course last September but dropped out because it was the 
wrong combination of subjects. 
I used the data projector quite a lot. How did you find the use of 
that computer-based material by me? Was it helpful or was it not 
helpful? Do feel strongly one way or the other? 
I think it was helpful and that was actually the first t ime that I'd 
seen maths taught in that way, using Macros and spreadsheets and 
PowerPoint presentations. 
In what way was it helpful? 
t t  You could easily break it down into steps and you could see what 
was going on. 
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475 Tutor: 
I gave you some computer-based material - up in the lab. How did 
you find using that? Was that useful or not useful or...? 
Yeh, it was fairly useful. 
Was it any better than doing it on paper? 
Sometimes it's too easy to just manipulate figures on the computer 
and think that you are understanding it. Whereas when you write it 
out you're puting it in your way and that makes it sink in your head 
better I think. 
How about assessment, the way the course was assessed? 
I thought that was good. 
Could you say in a few words how you think you have benefited from 
the course? 
I benefited in that I came onto this course thinking that I needed to 
do it because I thought my maths skills were poor which was really a 
reflection of the fact that I hadn't used them for so long and it was 
just rusty. 
Is there any else, any comment you want to make about the course? 
I think it has helped me even though I am leaving early but I feel 
the topics you are covering here, I now understand them. 
Thank you very much. 
476 I n t e r v i e w w i t h S t u d e n t 8 
477 Tutor: This is and it is Thursday today. 
478 Was there any topic you found particularly difficult? 
479 Student: No, not really They were all at the same sort of level. 
480 Tutor: Had you come across this BODMAS Rule before? 
481 Student: Yeh, I remembered it from school. What each letter stood for. 
482 Tutor: So, you are quite happy using it? 
483 Student: Yep. 
484 Tutor: There wasn't any particular topic you found difficult? 
485 Student: I found fractions a bit difficult at first, probably because it was our 
486 first test. But now we have been learning other things, I find it a bit 
487 more easier. 
488 Tutor: Just going back over the week, are there any sessions that you can 
489 remember as thinking either; that was good, that meant something 
490 to me; or that was particularly confusing or wasn't very good. Are 
491 there any that stand out, one way or the other. 
492 Student: No, not really 
493 Tutor: Looking through the slide shows that we looked at, I just want you 
494 to tell me if there are any of these that you might say ' that was 
495 good' or 'that was bad' or that was confusing. 
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I think the fractions one was quite good because it actually showed 
the fraction in graphic sense rather than a number. I t showed, say 
for example if it was a quarter, it showed a quarter of something. 
Did that help you then? 
I t helped a bit. 
That one was equations. Were you OK on equations? 
I was OK on equations, Yeh. I did like the way that it showed 
everything step by step and explained it really well. 
What about transposing formula? How do you feel about transposing 
formula? 
I found it quite simple. What I found a bit difficult is making a 
formula for a written question. Just transposing in general was ok 
though. 
Could you do that before? 
No, everything I learnt really, is from the revision book ... so far. 
What about indices then? 
Indices. I found it difficult at first because there was quite a lot of 
rules you need to learn, just like what to power of the 2 is, what 
power the minus 2 is, power to a fraction and then plusing them 
dividing them. There's quite a few rules but now I've practised it a 
few times I'm finding it easier. 
You^ve got a test tomorrow and there will be a question on indices. 
How do you feel about that? 
Quite confident really. 
Had you done indices before? Before you came on the course? 
I've probably done it all of this before but it's been like ten years. I 
can't remember anything. I feel like I am starting from the 
beginning. 
I am looking at page 7. The way it was done there, was that ok or 
would you have preferred that I hadn't used that and just , say, done 
on the board. 
No, I think it's very good using the computer because, like I said, it 
shows everything clearly and it's good to see it on computer rather 
than just written up, I think. I t looks better. 
Plus, you gave us a CD which we can go over again if we wanted to 
at home. 
Did you use that CD much? 
Yes, I used at home, just to go through things, just a recap on what 
I've done, ready for the test really. 
Did you find that useful? 
Yes. 
Did look at all of it or were there particular ones you found? 
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548 Tutor: 
Just what we done the day before, really. Had a quick check in the 
mornings. 
Is there anything else you want to add about the course in general? 
I just thought it was very good. I was a bit scared of coming at first 
but it's OK, it's good. I t got me back in the swing of things. I know 
what to expect from university, in general. I t 's good. My brain has 
got back into exercising. It 's been a bit dormant for a while. 
So have you got out of the course what you hoped to get? 
Yes. It 's good. I did expect it to be much harder, but, I suppose 
that's a positive thing. 
OK. Thank you very much. 
549 I n t e r v i e w w i t h S t u d e n t 9 
550 Tutor: This is Tutor: and I am talking to... 
551 Student: . Other people call me . 
552 Tutor: Right, . Can you tell me; was there any topic or part of the 
553 course that you found particularly difficult? 
554 Student: I found fractions difficult and still am having a few problems. I just 
555 can't get to grips with the concepts. 
556 Tutor: Can I ask, what we did in class, we used some presentation material 
557 for fractions. Can you tell me what your reaction was to that? 
558 Student: I t was easy to understand and it explained how the fractions worked, 
559 the size of them, what you take away, but, because I am a Student: 
560 away at home I didn't get a chance to use the CD ROM software - at 
561 home - and the t ime in class was limited so I had to make what use 
562 I could of the projector and the teacher showing me. Otherwise the 
563 software I found to be very useful. 
564 Tutor: So the basic presentation, you could follow that? 
565 Student: I t was understanding and simple. 
566 Tutor: Were there any other topics that you found difficult? 
567 Student: No, everything else was quite OK, just a bit rusty. I f I do some 
568 practice and brush up on it I'll be fine. 
569 Tutor: I f we can have a look at some of the material that we used, were 
570 you familiar with this BODMAS rule? 
571 Student: No. It 's never come across me before. First t ime. 
572 Tutor: You'd never come across that before? 
573 Student: No. 
574 Tutor: Does it make sense to you? 
575 Student: Yes. 
576 Tutor: What did you think about the slide presentation that was used for 
577 that? 
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t t : Well, of course, that has never come across before. So, I had to 
understand it for me to be able to go through the topics. Again, it 
was easy to understand and made it clear. 
You're going to have a test tomorrow and somewhere in there you 
are going to have to apply this order of precedence. Are you quite 
happy about that? 
Yes. 
Can we look at some of the others [other topics]. We've mentioned 
fractions. If you look at these diagrams, just to remind you of what 
we looked at, can you just comment whether any of them were 
particularly useful or not particularly useful? 
On the equations one, where you've got the scale and everything -
that's on page 4 - easy to understand, but... I don't know, it's an 
easy equation for people who know how, but, I didn't find it useful 
because I knew what to do, but I don't know how other people would 
feel. 
Just think about what it meant to you. 
To me, it explained the difference of having 11 on one side and 2x 
on the other. That's how I saw it. I can't explain it more because I 
understand what was going on. 
So you could solve the equation? 
Yes, I could solve the equation. 
So what I'm looking at on page 4 didn't make a lot of difference to 
you; you could do it already? 
Yes. 
What about transposing formula? 
I found the software which you used to be very handy and that. I did 
have a hard t ime at first, and as the software progressed it shows 
you step by step what's happened and what's been taken away. So it 
was quite easy to understand what's going on there. 
Would it have been just as effective if I had writ ten it on the board? 
I suppose so, but with the software you saved a lot of t ime. So, 
more time-efficient. 
Other topics we looked at, had you done indices before? 
No, first t ime I've done indices. 
Well, again, you're going to have a question in the test tomorrow, on 
indices. How do you feel about that? 
I am not too sure how I feel. I wouldn't say confident, but I'm sure 
a bit of revision tonight, I've got a laptop now. So I'm going to flip 
through the CD and see what I can do. 
Can I ask you, in general, I used the projector quite a lot. How did 
you feel about that generally? By the end of the course are you 
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thinking, " I wish he hadn't used that projector so much?", or are you 
thinking, " I wish he'd used it some more", or you're not particularly 
bothered either way? 
Honestly it doesn't make a difference, but as, - I'd say I am new to 
Maths because I haven't studied for five years - using the projector 
and the software you were using made everything - it was well 
explained and easy to understand. 
I preferred the projector to the board. 
Any particular reason? 
I t was all laid out for you. You didn't have the teacher moving from 
one side of the board to the other trying to explain something. I t 
was there; all done for you and step by step what you wanted; you 
could always go back and could go forward. 
One of the questions we asked you on the initial questionnaire was, 
"What do you expect to gain from the course?" I don't know if you 
had an expectation, but do you think you have gained... 
Yes, an all round general knowledge of basic maths skills and to 
prepare me for the foundation year in engineering. 
Is there anything else you want to add? 
That's fine. 
Thank you very much. 
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Tutor: This is Tutor: talking to I am starting the interview now. 
What I'm interested in is how you found the use of technology. I am 
going to start by asking if there was any topic or part of the course 
you found particularly difficult? 
Student: Certainly indices stood out as being the hardest thing for me to 
mentally get over. 
Tutor: Was there anything during the course which could have made it 
easier? 
Student: I did fill out a questionnaire with regard to indices that you did and 
in that I stated that I thought the computer helped a lot when we 
were doing exercises but there could have been more there. There 
was only one exercise available and it was at a certain level and it 
could have gone further. 
655 Tutor: Was that the logarithms one that you are talking about? 
656 Student: I'm talking about logs now. I am getting confused between logs and 
657 indices. 
658 Tutor: That's alright. The logs you found difficult? 
659 Student: Yes, logs and indices I would say - both of them I found slightly 
660 intimidating. 
661 Tutor: Was there anything you found particularly easy? 
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[A list ol 
Student 
I would say the rest of the course. 
I am looking at page 7 on the prompts. That was the indices 
software. How did you find that? When I was using that, did you 
think, "This is good" or did you think, " I wish he wasn't using that ," 
or what? Did you have any reaction? 
My reaction isn't that good to this. Some of the software was of 
great help but you can see on this page, we had "A three" and 
"eight", but what I want then would have been "A three", another A 
here, so it goes "A eight", and then perhaps, here below, another 
line of "A three, A eight equals A three plus eight." This is a bit of a 
jump here for me. REFERRING TO LITERATURE. 
Do any of the other prompts stand out as being very helpful, very 
unhelpful? 
The algebra, with the balance I thought was beautiful. That was 
great. 
That is on page 4. 
The balancing of equations with the interactive scale, I thought that 
was fantastic. That really cemented the idea that you keep the 
equation equal on both sides. 
Did you say interactive scale? 
I don't think so? 
You liked the balance idea? What about that? That is still on 
equations, that is solving. AGAIN REFERRING TO LITERATURE. 
Does it go back one page? 
That is not a continuation of the previous one. Maybe you didn't use 
that one. If you don't have an opinion on it, it doesn't matter. 
I don't know what colour the minus 2 is but more profound colour 
would be good. So perhaps for every operation you make that a very 
bright red. 
Yes, that was black and white. 
Oh, maybe it was colour on there. 
Talking about the actual delivery, were there any topics or sessions 
which you can remember which you think could have been presented 
a bit better? 
The logarithms, the paper sheet we were given, I found very 
daunting. That worried me. 
My opinion of trig maybe differs slightly from your own in as much as 
I would have perhaps mentioned a bit stronger the other two rules 
because what always worries me when taking on a new concept is 
the idea that I won't be able to take the whole concept on board. 
Telling me that I'm only getting one third of the concept now, kind of 
scares me 'cos I think if I can't take this then I can't get the whole. 
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So you would have liked to have Tan, Sin and, Cos all at the one go? 
I would have liked have them all introduced very briefly and then 
Tan concreted in, but maybe the three equations put up on the 
board. The other thing was, that I mentioned to Sam, when finding 
the opposite and adjacent and hypotenuse, I always take the beta 
angle and I imagine that is an eye and it's looking at the opposite 
side and I don't know if that would always f i t , but for me that makes 
the difference between trig working and not working so I would have 
added that. 
Were there any topics or sessions that stood out as being particularly 
effective? 
Certainly the algebra, I was very impressed with. With the graphs, I 
thought that was very good but I thought there was room for 
improvement on the programme. 
Was that this one, page 10, bottom diagram? 
This use of scale; it's almost like on an A4 sheet of paper and I 
think, if it would be possible to give it a definite graph paper display, 
that would be good. I also think that to bring the graph alive like 
with a graphics calculator when it draws the line on and its moving 
as you see it, that make a big difference to how you feel about the 
line, I think. I t was all good. I would be tempted to put the line 
across the whole page so going outside of the graph as wel l , so it's 
appreciated that the line is beyond the graph that you are looking 
because it is y = something it continues for ever and that 's the 
beauty of the equation. 
Thank you, that is good. Can you tell me generally what benefit do 
you think you've got from the course? 
I am certain that every presentation I have received completely 
concreted my knowledge of the subject. I don't think I learnt very 
much but what I already had learned was really reinforced by the 
course. 
You were fairly confident in most of this stuff beforehand? Is that 
reasonable to say? 
Yes, but only because I'd done the actual revision book before I 
arrived. So I'd done the exact course content before I came. 
You got some benefit then? 
I am positive every presentation I saw was worthwhile. 
On your first questionnaire, you said you could think of a particular 
experience that made you like maths and a particular one that made 
you dislike maths. Would you be happy to tell me about one or both 
of these? Tell me first of al l , what made you like maths. 
What made me like maths was the idea that it could explain, like 
language can, the phenomenon that we experience in a way that I 
couldn't understand about it. Being something celestial, or 
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something on earth, maths is a language we need if we want to 
understand our universe and therefore I find it a beautiful thing. 
You said you could think of a particular experience that made you 
dislike maths. What was that? 
I would think that probably as a child at school, if I'd asked a 
question and the teacher hadn't given t ime to really think about 
stopping the question, that would make me dislike a subject. 
Did that actually happen to you at any point? 
I am pretty sure it did. A teacher can make a subject. 
Is there any other comment you would like to make about the 
course? 
The only thing for me, would be with the computer presentation, if it 
would be possible to display that on a whiteboard instead of a 
screen, I think that would be great. I think if you could have it up 
and if a Student: asked a question, you could then interact with what 
you've got up there on the whiteboard.... 
Do you mean an interactive whiteboard? 
Just a standard whiteboard, and have it projected onto that and then 
when you've got to a point where anyone has a problem, rather than 
taking that away to another board and setting it up again actually 
being able to just write over what you've got from the computer, 
with your hand. I don't know how effective that would be but 
Thankyou for that suggestion. I am interested in what you think 
would be an improvement. 
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Appendix H: List of presentation software materials 
Topic / Software 
Number 
BODI^AS.pps 
Add_Neg.pps 
Fractions 
00 Fraction.xls 
00 LCM_HCF.xls 
01 Equivalent 
fractions.xls 
01 Simplify.pps 
Description 
An example showing the order of precedence of 
operations. Calculation is shown line by line. 
Addition & subtraction of negative numbers: 
The user specifies addition or subtraction of a 
signed integer; a kangaroo makes the appropriate 
number of jumps in the appropriate direction along 
a number line. 
An m X n grid is shown, superimposed on a large 
unit-square. Both m and n can have independent 
values from 1 to 10, selected by the user or 
randomly by the computer. 
Each rectangle of the grid can be shaded or 
unshaded, selected by the user or by the 
computer. 
The user has to enter the numerator and 
denominator of the fraction which is shaded. 
In 'Demonstration' mode the user can specify the 
examples. In 'Quiz' mode examples are generated 
by the software and the user's answers are scored. 
Demonstrates examples of common multiples for 
pairs of integers, valued from 2 to 9. 
Demonstrates how to find prime factors. 
Demonstrates how to find HCF LCM of two integers 
specified by user or generated by the computer. 
In 'Demonstration' mode the user can specify the 
examples. In 'Quiz' mode examples are generated 
by the software and the user's answers are scored. 
A common fraction is specified by the user or by 
the software. 
The user enters possible common factors of the 
numerator and denominator until the fraction is 
reduced to its simplest form. 
This presentation illustrates graphically 12 
examples of simplifying common fractions. 
240 
Topic / Software 
02 Add.xis 
03 Multiply.xls 
Linear equations 
01 Examles.pps 
02 Examples.pps 
03 Exercise.xls 
Rearranging formulae 
Ex_l.pps to Ex_7.pps 
Description 
Two common fractions are added. The 
denominators may take independent values from 2 
to 10. A pictorial representation of each fraction is 
shown as a partly shaded unit square. A grid 
superimposed on each unit-square corresponds to 
the common denominator. 
In 'Demonstration' mode the user can specify the 
examples. In 'Quiz' mode examples are generated 
by the software and the user's answers are scored. 
Two common fractions are multiplied. The 
denominators may take independent values from 2 
to 10. A pictorial representation of the answer is 
shown as a partly shaded unit square. A 
superimposed grid has vertical divisions 
corresponding to the one denominator, and 
horizontal divisions corresponding to the other. 
In 'Demonstration' mode the user can specify the 
examples. In 'Quiz' mode examples are generated 
by the software and the user's answers are scored. 
This presentation illustrates the solution of 3 
simple linear equations. The algebraic equation is 
shown above the picture a scale balance, on which 
a box represents the unknown variable and unit 
squares represent the numbers in the equation. 
As the equation is solved algebraically, units are 
added or subtracted correspondingly to or from the 
scales. 
This presentation shows two examples of the 
algebraic solution of a linear equation one step at a 
t ime. 
This interactive demonstration invites the user to 
solve a linear equation by specifying operations 
and operands to be applied to both sides of the 
equation. 
In 'Demonstration' mode the user can specify the 
examples. In 'Quiz' mode examples are generated 
by the software and the user's answers are scored. 
Each of the 7 presentations shows the step-by-step 
rearrangement of an equation. 
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Topic / Software 
Indices 
Indices.XLS 
Examplel.xls 
Graphs 
Coordinates.xls 
LINE_THR0_2PTS.PPS 
Line thro 2 pts.xis 
Y_mx_c.xis 
Trigonometry 
Trigonometry.pps 
Description 
Interactive demonstrations: e.g. 
x" = xxxxxxx; 
x'xx'=x''' 
_\, ?\ J^ PN JL- ^ J\. f^ J^ — J^ 
User enters indices and expansions are shown. 
Rule for division and (x° J" are also demonstrated. 
Worked examples. User enters indices and then 
clicks on 'Show' button to reveal solution. 
Demonstrates conventions of plotting points in the 
x-y coordinate plane. 
In 'demonstration' mode, user can specify 
coordinates and software plots point, or user can 
plot point and software shows coordinates. 
In 'quiz' mode the software can specify coordinates 
and the user must plot the specified point, or the 
software can plot a point and the user must enter 
the coordinates of the point. The user's answers 
are scored. 
Two step-by-step examples are shown of how to 
sketch the graph and find the equation of the 
straight line through 2 specified points 
The user can specify any two points on the 
coordinate plane. 
How to sketch the graph and find the equation of 
the straight line through the specified points is 
shown step-by-step. 
Demonstration showing the effect of the 
parameters, gradient and intercept with vertical 
axis, on the graph of a straight line. 
User adjusts parameters by means of 2 scroll bars; 
the graph alters accordingly. 
Presentation showing diagrams with definitions of 
opposite, adjacent and hypotenuse and 
tr igonometry ratios. 
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Appendix I : End-of-summer-school test 
1. Calculate and give answers as mixed numbers. 
3 3 
— + — 
7 14 
ii) 1 2 ? ^ 2? 
iii) ^2 • V6 + 3 / 
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2. Solve the following equations. 
244 
3. Three consecutive numbers add up to 54. What are the numbers? 
IVIake t the subject of this formula. 
mv — mu 
i ) ^ = t 
ii) Make C the subject of this equation 
245 
5. 
IP V 'X^ Express in the form ^ '^ J and evaluate. 
16'x(V9 
ii) Simplify 
d-' 
246 
6. The value a second hand car depreciates according to the formula 
F = 18000-1500r , where K is the current value and t is the time in years. 
i) Complete the table below and draw a graph to show how V varies with respect to 
t 
V 
0 2 4 6 8 10 12 
ii) From your graph read and write down the value of the car after 7 years. 
iii) Use the formula to calculate when the car will be worth half of its initial value. 
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7. 
i) What is the gradient of the line which passes through the two points A(-2, -5) and 
B(5, 4) shown on the chart? 
- • 
y 
- in _ 
• - ( - - -
i -4- i 1 --
0—r~ r~ ~| ~? -
i l l ! 
i 
r 
vJ 
5 r 
M 
J / 
>/^ ! C . 
\ y ^ r^ ~ 
y\ 1 
Q 
1 
r 
i / 
y 
1 
i 
i 
i 1 
,. IZ 
1 
! 
1 
1 
1 
! 
i 
1 
y 
^ . _ . 
i 1 
> - • -
" - " " • 
• 
' 
. ^ j 
X 
3 
ii) What is the equation of the line which passes through the two points A (0, 3) and 
B (-5, 0) shown on the chart? 
- • 
y 
H n 
0 3 
C 
o • 
n 
' 
c . 
- o • 
i n 
1' 
i 
• 
-
\ 
\ 
> 1 
X 
b 
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8. Find the unknown angle, p, or length, x , in each of the following 
diagrams. 
i) 
9 cm 
7 cm 
14 cm 
iii) 
x 
iv) 
16 cm 
13 cm 
249 
Appendix 3: Test 1 - Fractions 
1. Calculate and give answers as mixed numbers. 
Ill 
IV 
3 8 
— X — 
4 9 
3 8 
—+ -
4 9 
3f - l i 
21x31 
2-L^^ 
^ 2 • 8 
VI 
VII 
VIII 
IX 9 1 x ^ 1 - - ^ 
^ 4 4 ^ 2 ' 8 
2. The formula for displacement, s , is 
_{u + v)t 
Find s when. 
ii) 
u = -2 
v = 8 
M = - 3 
v = - 8 
t = 5 
3. The average lowest temperature on three successive nights is given by 
T = where 7^ ,5^ 2 andTj are the lowest temperatures on 
each night. Find T when, 
i) T,=-2-T,=4;T,^-5 
ii) T,=-S;T,=2;T,=-2 
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Appendix K: Test 2 - Solve equations 
1. Solve the following equations, 
i) 5x-9 = 4 
ii) 3 0 = 4 J C - 6 
iij) 3 0 - 2 x = 14 
iv) 2x + 4 = 3x - 3 
V) 5(;c + 4 ) = 2 0 
5{x + 4) 
vi) 20 2 
2. The perimeter of a triangle is 
P = a+b + c 
i) Find cwhen P=25;a = 9; b = 10. 
ii) Find a when P= 30; b = 15; c = 8. 
iii) Find c when P= 15; a = 4; b = 5. 
3. The profits made by a company on the sales of a particular item are 
given by the formula, P = 15n — 4500 , where n is the number of items 
sold and P is in £. 
i) If « = 100 then calculate P 
ii) How many items must be sold to give a profit of £2,000? 
iii) How many items must be sold to break even ( P = 0)? 
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Appendix L: Test 3 - Transposition of formulae 
1. Make CI the subject of this equation 
2. Make V the subject of this equation. 
PV 
K 
T 
3. Make R the subject of this equation. 
B = I{\+R) 
4. Make C the subject of this equation. 
9C 
F = 32 + — 
5 
5. Make L the subject of this equation. 
6. Make L the subject of this equation. 
A = L'--\ 
7. Make G the subject of this equation. 
k = 
G 
8. Make -X^  the subject of this equation. 
2 
x + 3 
9. Make w the subject of this equation. 
D = T + -
w 
10. Make p the subject of this equation. 
i-i i 
r p q 
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Appendix M: Test 4 - Indices 
1. Evaluate 
i) 4^  
ii) a) 
2. Write these expressions as a single letter to a power. 
i) kxk ii) pxpxpxp 
3. Write these expressions as a fraction with no indices. 
i) 5"' ii) 10 ' ' 
4. Write these expressions as a single letter to a power. 
1 
1) 
5. Evaluate. 
i) 
6. Simplify. 
i) 
ii) 
iii) 
7. Evaluate 
i) 
ii) 
iii) 
iv) 
qxqxq 
16^  
r'xr' 
s^'xs' 
212 
210 
or simplify. 
{2'J 
(^'J (.^ y 
(v^r 
iv) 
V) 
vi) 
1 
hxhxhxhxh 
ii) 2T 
,x 
"c" 
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Appendix N: Test 5 - graphs 
1. The graph shows relationship between the salary and the number of sales 
made by a salesperson. 
i) If the person sells 17 units, how much salary is 
earned? 
ii) How many units would have to be sold to earn 
more than £350? 
Salary (£) 
500 • 
450 • 
400 • 
350-
300 • 
250-
200 • 
150---
100 
50-
0 • 
0 10 15 
Units sold 
20 25 30 
2. The graph shows relationship between miles and kilometres. 
To the nearest 5 miles, how many miles is 110 km? 
To the nearest 5 km, how many kilometres is 90 
miles? 
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3. The graph (3) shows relationship between temperature in degrees Fahrenheit (° 
F) and degrees Centigrade (° C). 
1 )0" -S 
- "*....;. 
P" 
L . 
Use the graph to convert 60° F to ° C. 
Use the graph to convert -40° C to ° F. 
Fahrenheit 
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4. Complete the table to show the coordinates of the 4 points, A, B C, and D on 
the chart. 
P{x,y) 
A 
B 
C 
D 
-• 
y 
U" — 
i i ; 
i 1 i 
i : i 
i 
N 
/ 
I 1 
/ _ 
\ 
v 
/ \ 
-E, 
o 
n 
u 
1 
R -
D 
r\ 
I \ I 
i \ 
i ^ 
! ^ 
1 i i 
/ 
\ 
i ! 
1 
? 
- 1 N 
/ 
/ 
\ 
\ ? 
X 
0 
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Appendix P: Test 6 - Equation of a straight line 
1. What is the equation of the line which passes through the two points A (0, -6) 
and B (5, 4) shown on the chart? 
- • 
y 
in 
1 
i 
i i 
i ! 
0 -
i 1 i i ' " 
I I I ' 
i f ; i 
""] "i r~ r 
E : 
1 
1 
b 
i C 
1 
i / 
n 
• 
w ^ — 
1 n 
, - - -
/ 
• / -
/ * 
--_ L 
i i i 
i 
•i 
X 
0 
2. What is the equation of the line which passes through the two points A (-6, -7) 
and B (6, 9) shown on the chart? 
257 
Appendix Q: Test 7 - Trigonometry 
Name: 
1. Find the angle marked 'p' in each of the triangles below. 
i) 
5 cm 
10 cm 
ii) 
40 cm 
100 cm 
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2. Find the length of the opposite side, marked x, in each of the following 
diagrams. 
i) 
ii) 
12 cm 
18 cm 
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3. Find the length of the adjacent side, marked x , in each of the following 
diagrams. 
ii) 
14.5 cm 
260 
4. Find the unknown angle,/?, or length, x , in each of the following diagrams. 
•) 
8 cm 
ii) 
12 cm 
x 
iv) 
16 cm 
16 cm 
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